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Abstract: The effect of biotic (e.g., growth characteristics) and a-biotic (e.g., crown closure) factors
on cone production, fertility variation and gene diversity was evaluated in two consecutive years
in 130 year old natural populations of Taurus cedar also called cedar of Lebanon (Cedrus libani A.
Rich.). The a-biotic factors viz., altitude, temperature, aspect and rainfall varied; while some of
them can be managed by cultural operations like management of crown and stand density. Impact
of crown closure on cone production, fertility variation and related parameters were observed in
Taurus cedar’s natural populations sampled from southern Turkey. Maximum cone production of
29 and 40/tree was recorded with full crown closure in two consecutive years by large differences
among individuals within crown closure class. For instance, cone productions were between 10
and 67 in full crown closure of first year. The sibling coefficient, which is a measure of the fertility
variation in a stand, was the highest (1.16) for full crown closure in the first (meaning 86% fertile
trees) and the second year (1.55, 65%), while it was the lowest for medium crown closure (1.09,
92%) in both years. Gene diversity decreased from a degraded patch (0.987) to that with full crown
closure (0.984). Results of variance analysis showed significant (p<0.05) difference between crown
closure classes for cone production within second year, and between years. Significant positive
(p=0.05) correlations were noted between years for cone production (r=0.22), and between cone
production and crown closure in first and second years (r=0.29). However, growth characteristics
had no effective on cone productions in individual crown closure classes, while there were
significant (p<0.05) correlations between diameter at breast height and cone production for both

years (r=0.15 and 0.17) in pooled populations.

Keywords: crown cover; effective size; reproduction, seed; status number; variation

1. Introduction

Taurus cedar also known cedar of Lebanon (Cedrus libani A. Rich.), has its main
natural occurrence in the Taurus Mountains in southern Turkey, generally between 800
and 2100 m elevation. It can be found at lower (500-600 m) and higher (2400 m)
elevations as small populations or small groups and individuals [1]. Its reported extent
in southern Turkey is 405424 ha [2]. The species is classified as one of the economically

and ecologically important tree species for Turkish forestry and the “National Tree
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Breeding and Seed Production Program” [3] because of valuable wood product and
social-cultural importance of the species. The species is also used in reforestation and
afforestation practices togetherwith landscape planning as monumental tree. Annual
seed production is about 139 tones for different forestry practices of Taurus cedar based
on forestry inventory [2]. 22 seed stands at 3437.8 ha were selected to supply seed
demand of the species together with 9 seed orchards established at 60.55 ha [2].
Reported maxima, for different individual trees, are 1000 years age, 3 m stem diameter
and 50 m height [1]. Taurus cedar generally bears cone by 30 years in natural stands.
Male flowers of the dioecious species 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 and June,
conelets develop to mature cone sizes. Opening of the cone scales begins in October,
about 25-26 months after flowering [4]. Good seed years have been reported as generally
every 2-3 years [1] or 3-5 years [4] in the species. Knowledge of the fecundity and
fertility (expressed as the individual's ability to fertilize - reproductive success),
estimated from cones, flowers, pollen, fruit and seed production [5,6,7,8] is an important
prerequisite of breeding and seed production program. Fertility variation estimated
based on reproductive characters is easy, cheap, and light survey in plant science. While
some studies reported reproductive data of the species [i.e., 4,9,10,11,12], the impact of
crown closure on cone production and genetic parameters have not been studied. It is
clear that many biological (i.e., number of individuals per area, age, species, growth
characteristics, stand structure, population) [8,9,10,13,14] and environmental (i.e.,
edaphic, altitude, temperature, aspects and rainfall) [7,12,13,15,16] factors impact
negatively or positively cone production and fertility variation. However, crown closure
can be managed by silvicultural practices. While preparatory cutting practice for natural
regeneration in shelter-wood method has many ecological and biological functions like
improving the soil characteristics and seedbed, it also results increased strobili, cone and
seed production in Taurus cedar. Boydak [1] reported that additional seeds are
suggested for shelter-wood and clear-cut areas in natural regeneration practices of
Taurus cedar. So, additional seeds are needed in natural regeneration practices of the
species. One of the stages of the shelter-wood method is to be provoked of seed trees in
natural regeneration practices by crown closure balancing to obtain additional cone/seed
crops. Odabasi [4] reported that cone production could be related to crown closure.
However, it has not been investigated detail, yet. Effect of crown closure on cone
production, fertility variation and related parameters need to be observed to estimate
the seed productivity of a population.

The purposes of this study are 1) to estimate the effect of crown closure classes on
cone production, 2) to estimate fertility variation and its allied parameters such as
effective number of parents and gene diversity in natural populations, 3) to estimate
relations among the growth characteristics and cone productions, to improve natural

regeneration, management of seed sources and other silvicultural practices of C. libani.
2. Materials and Methods
2.1. Study area
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Populations of Taurus cedar were selected from natural stands available between
37°50" and 37°53' N and between 31°17" and 31°20' E at average 1630 m from southern
Turkey. Averages of three heights (H), diameter at base (Do), diameter at breast height
(d130), crown diameter (CD) and age, and altitude of the crown closure classes (CCCs)

are given in Table 1.

Table 1. Growth details and altitude of the crown closure classes.

CCCs
Characteristics DF LC MC FC
H (m) 20.3 21.2 20.0 21.6
Do (cm) 64.1 74.9 72.1 89.4
d130 (cm) 53.9 63.4 62.4 78.2
CD (m) 7.3 8.9 8.4 10.0
Age (year) 121 131 127 139
Altitude (m) 1632 1630 1628 1628

Monthly maximum, minimum and average temperature (Figure 1) and average
monthly precipitation and relative humidity (Figure 2) of the location were observed

during the study period for two consecutive years (2020 - year 1 and 2021 - year 2).

Monthly min, max and avg temperature (°C) during study period
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Figure 1. Monthly maximum, minimum and average temperature of the studied location during

study period.


https://doi.org/10.20944/preprints202304.0029.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 April 2023 d0i:10.20944/preprints202304.0029.v1

Monthly avg total rainfall (mm) and humitity(%b) at site during study
Humidity (%) == e= e Rainfall (mm)

\ 104.0
\
\
\ a 716
\ A 625 /N
7\ /7 N
k %4 N /N
LarW-nT RE s 6 BT a0 319
144 170 191 7 ‘Q'i,,g"&z—ﬂ.s’ 88 1,5

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Avg

Figure 2. Monthly maximum, minimum and average temperature of the studied location during

study period

Fifty genotypes each were selected from four crown closure classes [17]- crown
closure classified using Spherical densitometer as: degraded forest (DF- up to 10%), low
crown coverage (LC - 11% to 40%), medium crown coverage (MC - 41% to 70%) and full

crown coverage (FC - 71% to 100%) from natural area of the species.

2.2. Data collection and analysis
The numbers of brown mature cones which had 8.5 cm length and 5 cm diameter
(Odabasi, 1990) (Figure 3) were counted from the fifty phenotypically selected and

marked trees during two consecutive years (2020-2021).

Figure 3. Mature cones of Taurus cedar in studied population.

The following GLM of ANOVA was used to analyses the difference of cone pro-
ductions among CCCs and years by the SAS software [18] in the present study.
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Where Yiji is the observation from the k tree of the j crown closure in the i* year, u
is the overall mean of cone production, Fi is the effect of it year, B(F)j» is the effect of the

j* population in the i year, and e is the random error.

Phenotypic Pearson’ correlation of cone production between years was estimated
by Rohlf and Sokal [19].

Cone fertility variation (expressed as sibling coefficient -'¥) was estimated as per
Kang and Lindgren [20] and Bilir [7] as:

Y =NYYL Con?=CV2+1 @)

Where N is the census number of trees, Coni is the cone fertility of the i*" individual,
and CV is the coefficient of variation in total fertility. The coefficients of variations (CV)

for cone fertility were calculated and applied to estimate the fertility variation in parents.

In this paper, the fertility of it individual was estimated by the proportion of cone
production in each crown closure. Therefore, the cone fertility represents the total

contribution as zygotic parents.

The effective number of parents (Nj), defined as the number of individuals in which
an idealized population would produce the same number of offspring (sibs) as the real

population, or defined as a function of fertility variation was estimated [20] as:

Np:N/\P (3)

The gene diversity (GD) was estimated based on census number (N) and fertility
variation () [21] as:

N

3. Results
3.1. Cone production

The mean cone production varied between years and among crown closure classes

within year (Figure 4), and among individuals within the crown closure class (Table 2).
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Table 2. Average (X), range and coefficient of variation (CV %) in numbers cone production for the

crown closures and years.

CCCs DF LC MC FC
Years Year 1* Year 2 Year 1 Year 2 Year 1 Year 2 Year 1 Year 2
X 25.22 28.32 25.52 27.12 24.62 29.8a 29.5b 40.30
Range 11-50 9-66 10-50 10-65 10-45 10-88 10-67 8-108
Ccv 32.8 51.4 33.5 56.0 37.5 61.1 41.0 74.6

*; The same letters showed not significantly different at p>0.05 within year.

Highest average cone production (29.5 and 40.3) was noticed in FC in both years
(year 1 and 2 respectively- Table 2), while for both years pooled it ranged from 34.9 (FC),
27.2 (MC), 26.8 (DF), to 26.3 (LC) in the different CCCs (Figure 4).
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Figure 4. Averages of cone production.

The cone production was 20% higher (31.4/tree) in year 2 than year 1 (26.2). The
most fecund five trees (10% of trees) produced about 17% and 24% of total cones in year
1 and 2 respectively in all the crown classes. Cone production varied among individual
trees within crown class in both years ranging from 10 to 50 in LC (year 1), and 8 to 108
in FC (year 2) (Table 2). The cone production in FC was very different from the other
crown classes in both years (Table 2). The coefficient of variation (CV) increased from
32.8% (DF) to 41.0% (FC) in year 1 and from 51.4% (DF) to 74.6% (FC) in year 2 (Table 2).
It was also 37.4% in year 1, 67.1% in year 2, and 43.6% for pooled years across CCCs. The
differences between years, and among CCCs in second year were significant (p<0.05) for
the cone productions, while CCCs x year interaction was not significant (p>0.05).

Correlation analysis showed positive and significant (p<0.05) correlations between
years (r=0.22) for cone production, and between cone production and crown closure
classes (r=0.29). Growth characteristics had no effective on cone productions in

individual crown closure classes opposite to significant (p<0.05) correlations between
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diameter at breast height and cone production (r= 0.15 and 0.17) for both years in pooled

populations.

3.2. Fertility variation, effective number of parents and gene diversity

The fertility variation (sibling coefficient, ¥) ranged from 1.11 (DF and LC) to 1.16
(FC) in year 1, increased with the crown closure from 1.26 (DF) to 1.55 (FC) in year 2. The
fertility variations of CCCs in year 2 were decreased by combining the years, while the
combined fertility variation (1.09) was lower than within each year (1.14 and 1.37) of MC
(Table 3 and Figure 5). It was 1.14 (88% fertile trees), 1.45 (69%) and 1.19 (84%) at years 1

and 2, and across CCCs respectively.

Table 3. Fertility variation (¥), effective number of parents (Np), relative effective number of

parent (N) and gene diversity (GD) in the crown closure classes and years.

CCCs DF LC MC FC

Years Year1 Year2 1&2 Year1 Year2 1&2 Year1 Year2 1&2 Year 1 Year 2 1&2

¥ 1.11 1.26 1.12 1.11 1.31 1.14 1.14 1.37 1.09 1.16 1.55 1.26
Ny 45.23 39.71 44.60 45.04  38.25 43.73 4395  36.62 45.79 42.92 32.35 39.60
N+ 0.91 0.79 0.89 0.90 0.77 0.87 0.88 0.73 0.92 0.86 0.65 0.79

GD 0.989 0.987 0.989 0.989  0.987 0.989 0989  0.986  0.989 0.988 0.984 0.988

* N=Ny/N
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Figure 5. Fertility variation for crown closures and years.

The fertility variation was more or less similar between different crown closure
classes in year 1 compared to year 2 - DF (1.26), LC (1.31), MC (1.37) and FC (1.55) (Table
3). Depending on the fertility variation the effective number of parents (N,) also showed
the same trend ranging from 42.91 (86% fertile trees) in FC to 45.23 (91%) in DF in year 1,
and from 32.35 (65%) in FC to 39.71 (79%) in DF in year 2 (Table 3). The effective

population size, equivalent to the ideal populations, was 21% larger in year 1 than year 2,
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based on the fertility variation of individuals in the full crown closure, while it was 13%
in low crown closure (Table 3).

Gene diversity was higher in first year than in second year in all CCCs (Table 3).
Estimated loss of gene diversity from other crown closure classes to FC was 0.001 in year
1. Between the two years FC had highest loss of gene diversity of 0.004 (0.988 and 0.984
in two years). However, the gene diversity was higher (0.988 and 0.989) in pooled years
of each CCCs than in year 2 (Table 3). The relative number of parents ranged from 65%

to 91% in all classes of crowns (Table 3).

3.3. Cumulative contribution curve

The cumulative contribution of trees to the overall fertility estimates for years 1, 2

and pooled contribution of two years are shown in Figures 6, 7 and 8.
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Figure 6. Cumulative contribution of Parental-balance curves in different crown closure classes in

year 1.
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Figure 7. Cumulative contribution of Parental-balance curves in different crown closure classes in
year 2.

The cumulative contribution curve describes the relative proportion of trees to the
accumulative gamete contribution. In an ideal situation, that is expecting an equal
contribution from each of the individuals (a condition where ¥=1), this cumulative curve
attains a straight line. There was a deviation in cumulative contribution from
expectation in all crown closure classes. It can be inferred that various crown closure
classes (DF, LC, MC and FC) showed a similar trend in both years (Figures 6 and 7).
Only FC showed a skewed distribution in year 2. It could thus be concluded that the FC
deviated from the ideal situation more compared to the other three crown closures only
in year 2 (Figure 7) and fertility combined for two years (Figure 8). When seed crop of
two years was mixed, the cumulative contribution increased (Figure 8) in all crown

closure classes.
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Figure 8. Cumulative contribution of Parental-balance curves in different crown closure classes in

years 1&2.

4. Discussion
4.1. Cone production

Average cone numbers of DF, LC, and MC (Table 2 and Figure 4) were slightly
higher than two populations of the species reported earlier (20 and 22) [9] and a
population (19) [11] of Taurus cedar, while it was dramatically higher in FC (40.3) in
year 2. It could be due to more competition among trees in FC than the other crown
closure classes. Rotation periods of Taurus cedar are 120-140 years on good sites and
160-180 years on poor sites [1]. The crown closure in populations which were at end of
rotation age seemed stable for cone productions in the present study. It is generally
suggested that taller trees allocate much of their energy to vegetative growth rather than
to reproductive growth [21]. Initial research results and observation suggested that 15-20

kg/ha of additional seeds was sufficient for shelter-wood areas, but higher rates 20-30
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kg/ha is necessary for strip clear-cut areas of the species [1]. The results of the study
showed that additional cone/seed could be obtained by CCCs managements.

Cone production gives an estimate of seed yield in the different crown
management practices. The large difference in cone productivity among individuals
within each crown closure class (Table 2) shows the importance of individual selection
of seed tree for regeneration and other silvicultural practices. Statistically significant
(p=<0.05) difference in average cone production across years (26.2/tree and 31.4), and
among CCCs within second year emphasized the need for considering the crown closure
management practice in forestry for seed harvest, natural regeneration and other
forestry practices. The results were well accordance with differences in cone numbers
among aspects and years reported by Yazici and Bilir [12], and for strobili productions
among years and populations by Bilir and Kang [9,10] in the species. Large differences
among individuals within a population and among populations in fecundity and
reproductive characteristics were also reported in natural stands of different forest tree
species [eg., 14,15,16,22,23] and in Taurus cedar [eg., 9,10,12]. Odabasi [4] reported 144
seeds per cone in Taurus cedar which works out to 750 additional seeds from per tree in
year 2 than in year 1. However, cone production which gives an estimate of seed yield
could be affected by many biotic and environmental factors. Growth characteristics did
not impact significantly (p>0.05) on cone productions in CCCs for both years opposite to
significant (p<0.05) correlations between diameter at breast height for both years (r= 0.15
and 0.17) in pooled populations. Correlation analysis showed significant (p=<0.05)
positive correlation between cone production and crown closure during both years (r=
0.29). Similar observations were also made by Odabasi [4] in Cedrus libani and Eler [13]
in Pinus brutia. Positive correlation in cone production (r=0.22) and crown closure across
years observed in the study is in line with the findings on cone [12] and strobilus [10]
production in the species, and other forest tree species [eg., 16,23]. The results highlight
importance of considering fertility and crown closure in forest management. Climatic
data recorded at the studied location (Figures 1 and 2) are similar to climate of the
natural distribution of the species reported by Boydak [1]. Eler [13] found that age,
elevation and crown closure were important factors in seed yield in Pinus brutia.
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 forests [15]. Altitudinal differences were reported in strobili production in Pinus
brutia [16], cone production among populations in P. nigra [8], and reproductive
characteristics in other forest tree species [23]. In a results of recent study indicated a
higher influence of the year and probably of the sensitivity to climate, and less
variability between clones for cone production in a Silver fir (Abies alba Mill.) seed
orchard [24]. They [24] also reported that repeatability of mean annual clone production
suggests moderate continuity of cone crops in the production rank of individual clones,
while heritability was under genetic control. However, crown closure is a silviculturally
manageable.

Coefficient of variation in cone production ranged from 51.4% (DF) to 74.6% (FC) in
second year, while it was varied between 32.8% (DF) and 41.0% (FC) in first year (Table
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2). Lower cone production in year 1 than in year 2 is contradictory to an earlier
estimation of strobilus production in the species [10]. Low coefficient of variation (CV) is
desirable for higher gene diversity for forest managers. It is suggested as a rough
generalized heuristic rule that CV should be lower than 140% (¥<3) for natural
populations [25], and the crown closure classes considered in the current study had

lower CVs.

4.2. Fertility variation, effective number of parents and gene diversity

The fertility variation (V) increased with crown closure that will reduce gene
diversity in second year, while it was similar in different crown closure classes in the
first year (Table 3 and Figure 5). It is suggested as a thumb rule that, ¥ should be lower
than 3 in natural stands and less than 2 in managed populations like seed orchards [14].
The proportion of the numbers of cones and fertility variation estimated in the current
study populations is acceptable especially with respect to the highest ¥ value of FC
(1.56) in year 2 which is typical of natural populations [14,21] (Table 3). Fertility
variation (cone production) of 1.55, 3.05, and 1.64 in pooled stands aspectual for three
consecutive years [12], 1.43 in a natural population [11], 1.57 and 1.26 in two natural
populations [9] were reported the species. Fertility with respect to strobili production
varied between 1.22 and 1.91 in three natural populations of the species for three
consecutive years [10]. The results have emphasized the importance of estimation of
fertility and reproductive characteristics across years. Data collection on cone production
was easier, cheaper and more accurate than that of other reproductive characteristics
such as strobilus or pollen count as also suggested by Bilir and Kang [9]. The tree keeps
the cone in longer period than strobili or pollen in a year.

¥ could be also related by standard deviation (S) and average (X) of cone
production based on CV given in equation 1 by Kang and Lindgren [26], and Bilir [7]. It
showed the importance of balancing between amount of cone production and its
variation among individual trees for lower fertility variation and higher gene diversity.

The effective number of parents (Np) decreased from DF to FC in both years.
Effective number of parents (Np) was related by gene diversity (GD) as: GD=1-0.5/N, by
Kang and Lindgren [26]. Estimated loss of gene diversity was 0.003 between crown
closures in second year. The highest loss of gene diversity was in FC (0.004) (Table 3).
However, it could be balanced to increase gene diversity by natural regeneration, forest
tending or other forestry practices (i.e., mixed seed from different crown closure classes
and years. For instance, gene diversity increased from seed crop of year 2 by mixing
seed from both years (Table 3). Forestry practices such as seed cutting in natural
regeneration, and seed harvesting were preferred generally in good seed year. However,
poor seed year could be also used for seed collection if the right strategies are used to
increase the genetic diversity using suitable management strategies. The results could be
used in establishment of seed collection areas (e.g., spacing). It showed mixed cones
should be harvested from different crown closure classes and years to increase gene

diversity in natural regeneration or plantation forestry.
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5. Conclusions

Differences in cone production and fertility among crown closure classes empha-
sized the importance of crown closure classes and which can be managed by forestry
practices (i.e., natural regeneration or plantation forestry). Gene diversity could be en-
hanced by harvesting cones from different crown closure classes and years. Results of
the study could be used in managing gene conservation and seed collection areas, and
other forestry operations such as natural regeneration of the species. Impact of crown
closure classes on cone production was investigated in the present study. New studies
should be carried out to estimate impact of crown closure classes in quality and quantity

of seed production.
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