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Abstract
Reproductive characteristic (e.g., pollen, strobili, cone, seed, fruit) is one of the main tools in sustainable forestry.
However, many biotic (e.g., growth characteristics, species, population) and abiotic (e.g., edaphic, climatic,
geographic) factors can be effective on these characteristics. In this study, impact of climatic characteristics
including minimum, maximum and average temperatures, annual precipitation, and relative humidity on female and
male strobili productions were examined in three natural populations of Taurus cedar (Cedrus libani A. Rich.) during
three consecutive years (2020–2022). For this purpose, fifty trees were sampled and marked from each population to
observe strobilus productions. ANOVA showed that climatic characteristics were similar among years and among
populations, while female and male strobili productions showed significant (p < 0.01) differences among years and
among populations, and also among years within population. Interactions of population x year were not significant
(p > 0.05) in climatic characteristics opposite to strobili productions. Two populations had the highest strobili
productions (155.4 and 82.3 for female, and 889.4 and 186.1 for male) in 2022. The studied climatic characteristics
had no significant (p > 0.05) impact on strobili productions.

Introduction
Türkiye has 23.3 million ha forest area which of 41% unproductive according to the latest inventory. The area
increased about two million hectares against to productive forests during last decade. The areas are 405424 ha and
511164 ha which of 204491 ha unproductive in Taurus cedar also known as cedar of Lebanon (Cedrus libani A.
Rich.) for the years (OGM, 2023). The species lives up to 1000 years by 3 m stem diameter and 50 m height (Boydak,
2003). Male flowers of Taurus cedar 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 (Odabasi, 1990). Taurus cedar is classified as one of
the economically and ecologically important tree species by Turkish forestry and the “National Tree Breeding and
Seed Production Program” (Koski & Antola, 1993) because of its social-cultural importance and commercial wood
product. The species is also used widely in forestry practices together with landscape planning as monumental tree
(Yazici & Bilir, 2023).

Reproductive traits (e.g., pollen, strobili, cone, seed) play important roles in these practices and sustainability forestry
and to establish resistance forest to climate change. Number of strobili is a mirror and predictor of seed production
by conversion stages from conelet to seed crop. However, many biotic (e.g., growth characteristics, species,
population) and abiotic (e.g., edaphic, climatic, geographic) factors and their interactions can be effective on the
reproductive characteristics. The impacts of some biotic (e.g., population, crown closure) and abiotic (e.g., aspect)
factors on reproductive characteristics were studied in Taurus cedar (Odabasi, 1990; Yazici & Bilir, 2017&2023; Bilir &
Kang, 2021), and also in artificial and natural forests of different forest tree species (i.e., Eriksson et al., 1973; Boydak,
1977; Eler, 1990; Kang et al., 2003; Bilir, et al., 2005 &2017; Kamalakannan et al., 2015). But the impact of climatic
factors on strobili and other reproductive characteristics have not been studied in Taurus cedar, yet. It is clear that
climatic characteristics are getting importance based on climate change. In the present study, the impacts of some
climatic characteristics on strobilus productions were investigated in three natural populations of Taurus cedar
during three consecutive years to contribute forestry practices and management of the species.

Materials and Methods
Sampled Populations and Strobilus Data
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Three natural populations of the species were sampled from southern Türkiye in this study (Odabasi, 1990; Fig. 1).
Some details of the populations were given in Table 1. Numbers of female (N♀) and male (N♂) strobilus (Fig. 2) were
counted from the fifty phenotypically selected and marked trees during three consecutive years (2020–2022,
abbreviated as 20, 21 and 22 in the study).

 
Table 1

Some details of the populations
Populations Altitude (m) Latitude (N) Longitude (E) Exposure Soil (Atalay, 1987)

P1 1550 37°52' 31°17' E Lower paleozoic; clayey- limestone

P2 1650 37°40' 31°05' E Mesozoic; sandy-limestone

P3 1600 38°05' 30°42' E Quaternary; alluvion

Climatic Data

Minimum, maximum and average temperatures (°C), total annual precipitation (mm = kg/m2), and relative humidity
(%) for the populations and years were obtained from General Directorate of Meteorology and Climatology of Türkiye
(MGM, 2023).

Data Analysis

The following model of ANOVA were used to analyses the difference of climatic characteristics and strobili
productions among populations and years by the SAS software (SAS, 2004) in the present study. Comparison of
climatic characteristics was performed by monthly data of the years and population.

Where Yijk is the observation from the kth tree/month of the jth population in the ith year, µ is the overall mean of

strobili production/climatic characteristics, Fi is the effect of ith year, B(F)j(i) is the effect of the jth population in the ith

year, and eijk is the random error.

The following linear model was used for the ANOVA for comparison of strobili productions /climatic characteristics
for years within population.

Where Yij is the observation from the jth tree of the ith year, µ is overall mean, Ci is the random effect of the ith year,
and eij is environmental error.

The pairwise comparison of populations and years for strobili productions were performed by Games-Howell test.

The relation among strobili productions and climatic characteristics were estimated by Spearman's Rank correlation.
Averages of year and sides were used in estimation of the correlations.

Results
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Climatic Characteristics

Annual minimum, maximum and average of temperatures, total annual precipitation, and relative humidity for the
populations and years were given in Table 2.

Table 2
Annual temperatures, precipitations and humidity for the populations and years

Characteristics Populations & Years

  P1 P2 P3

  20 21 22 20 21 22 20 21 22

Maximum temperatures (°C) 37.8 36.5 35.5 36.5 35 34.2 38.1 37.7 37.0

Minimum temperatures (°C) -18.8 -16.7 -19.2 -15.0 -20.0 -23.7 -11.1 -9.8 -16.0

Average temperatures (°C) 12.4 12.8 11.9 12.0 11.7 11.0 14.8 14.5 13.8

Annual precipitation (mm = 
kg/m2)

420.8 477.2 448.2 434.8 466.8 469.0 392.8 262.8 352.8

Relative humidity (%) 64.0 60.4 62.6 62.2 60.6 62.7 56.7 56.0 57.7

Average temperatures (°C) ranged from 11.0 (22 of P2) to 14.8 (20 of P3). Year 21 of P1 had the highest annual total
precipitation (477.2 mm = kg/m2), while it was lowest in 21 of P3 (262.8). Relative humidity of the sides varied
between 56.0% (21 of P3) and 64.0% (20 of P1) (Table 2). Populations and pooled years were similar (p > 0.05) for
the climatic characteristics according to results of analysis of variance. Interactions of population (∼ side) x year
were not significant (p > 0.05) for the characteristics.

Monthly climatic characteristics were showed in Fig. 3. Years within population were similar (p > 0.05) according to
results of analysis of variance, while monthly climatic characteristics within population and year showed differences
(Fig. 3). For example, averages of maximum temperatures (°C) were 6.9, 17.4, and 15.2 for the years in January of
P1. They were 9.1, 17.2, and 14.0 in P2 (Fig. 3). The averages of maximum temperatures (°C) were between 6.9
(January of 20 in P1) and 38.1 (September of 20 in P3) in pooled populations and years. They were − 23.7 (January
of 22 in P2) and 15.9 (July of 20 in P3) for the averages of minimum temperatures (°C). The averages of temperature
ranged from − 2.8 (January of 22 in P2) and 25.6 (August of 20 in P3) in pooled populations and years. Monthly total
precipitation (mm = kg/m2) varied between 0 (July of 20 and 22, and August of 21 in P3) and 138.4 (July of 20 in
P2). Relative humidity (%) ranged from 40.5 (July of 20 in P3) to 82.3 (January of 20 in P2) in polled populations and
years (Fig. 3). P3 was the hottest side (14.3 °C), while 20 and 21 were the hottest years (12.9 °C) according to the
pooled temperature of years and populations. P2 had higher annual total precipitation (38.1 mm = kg/m2) than other
populations, and year 22 was higher precipitation (35.3) than other years.

Strobili Productions

Averages (X̅) and coefficient of variations (CV) for female (N♀) and male (N♂) strobilus for the populations and years
were given in Table 3. Averages of strobilus productions changed for the populations and years (Table 3, Fig. 4).
Populations and individual trees within population showed large differences for strobili productions. Female (N♀)
(109.3) and male (N♂) (540.0) strobili productions were higher in P1 than other populations for pooled years. Year-20
produced the highest strobilus (108.9 & 462.6) in pooled years and populations. Female strobilus was generally more
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variable than male strobili based on coefficient of variations (CV). The coefficients of variations (CV) were the highest
for N♀ in year 22 of P3 (74.7%), and in year 20 of P2 for N♀ (108.1%) (Table 3).

Table 3
Averages (X̅) and coefficient of variations (CV) for female (N♀) and male (N♂) strobili for the populations and years

Strobili N♀ N♂

Populations P1 P2 P3 P1 P2 P3

Years X̅ CV
%

X̅ CV
%

X̅ CV
%

X̅ CV
%

X̅ CV % X̅ CV
%

20 141.2 50.4 122.5 80.0 62.3 47.4 641.2 79.9 621.3 108.1 125.2 51.3

21 31.4 49.7 28.0 48.9 50.5 50.0 89.1 35.4 71.4 55.3 91.4 41.9

22 155.4 40.9 28.4 48.2 82.3 74.7 889.4 90.8 95.2 61.2 186.1 96.7

There were significant (p < 0.01) differences for female and male strobili productions among years and among
populations, according to results of analysis of variance, and also among years within population. Interactions of
population x year were also significant (p > 0.05) in strobili productions. P1 was different than P2 & P3 for female
strobili (N♀), while populations were significantly (p < 0.01) differences from each other for male strobili (N♂) according
to results of Games-Howell test performed to pairwise comparison of the populations (Table 4). Year 20 and 22 were
similar for strobili productions opposite to pairwise comparison of the years 20 and 21, and 21 and 22 (Table 4).

Table 4
Pairwise comparison of populations and years for strobili productions

Populations N♀ N♂

(I) (J) Mean difference (I-J) Sig. (P)* Mean difference (I-J) Sig. (P)*

P1 P2 49.7 P < 0.05 277.3 P < 0.05

  P3 44.3 P < 0.05 405.7 P < 0.05

P2 P3 -5.4 P > 0.05 128.4* P < 0.05

Years N♀ N♂

20 21 72.0 P < 0.05 378.6 P < 0.05

  22 20.0 P > 0.05 72.3 P > 0.05

21 22 -52.1 P < 0.05 -306.3 P < 0.05

Correlations

According to results of the Spearman's Rank correlation, climatic characteristics (minimum, maximum and average
temperatures, annual precipitation, and relative humidity) were not impact significantly (p > 0.05) on female and male
strobili productions. However, positive and significant (p < 0.01) relations were found between female and male
strobili productions in the populations (Fig. 5).

Discussion
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Climatic characteristics were similar in the populations (∼ sides). They showed that the characteristics were not
changed dramatically in local area (Table 2). It could be important for local forestry practices and management
strategies. Climatic characteristics of the studied sides were well accordance with results of early studies and
ecology of the species (Atalay, 1987; Kantarci, 1991; Boydak, 2003; Yazici & Bilir, 2023). However, annual total
precipitations of the sides were generally lower than early results (i.e., Atalay, 1987). For example, averages of annual
total precipitation (mm = kg/m2) ranged from 335 mm to 1173 mm in natural distribution area of Taurus cedar, and
447 mm and 619 mm of the sides (Atalay, 1987). Distributions of climatic characteristics could be more important
than averages. For example, June-July periods were not expected precipitation in natural distribution areas of the
sides (Atalay, 1987), opposite to the climatic data of the sides (Fig. 3). It showed shifting of the months. The results
could be used in management strategies of the species such as forest tending and natural regeneration practices of
the species.

Populations and individual trees within population, and years showed large differences for strobili productions
(Tables 3 & 4, Fig. 4). The results emphasized importance of these factors in strobili productions, management
strategies of the species. Similar results were also reported in Taurus cedar (Bilir & Kang, 2014; Yazici & Bilir, 2017 &
2023; Bilir & Kang, 2021), and also in different forest tree species (e.g., Bila & Lindgren, 1998; Bila et al., 1999; Kang et
al., 2003; Varghese et al., 2006; Kamalakannan et al., 2015; Park et al., 2017; Jeon et al., 2022). Averages numbers of
female strobili ranged from 31 to 150 in three populations and three consecutive years, while they were between 77
and 828 for male strobili (Bilir &Kang, 2021). Averages cone number for varied between 24.6 and 40.3 in two years of
four populations of Taurus cedar (Yazici & Bilir, 2023). Coefficient of variation (CV) of strobilus productions (Table 3)
were acceptable (CV≤140%) level for natural populations (Kang & Bilir, 2021).

Results of the Spearman's Rank correlation analysis showed positive and significant (p < 0.01) relations between
female and male strobili productions in individual population, and pooled populations (Fig. 5). Similar relations
between female and male strobilus were also found in Taurus cedar (Bilir and Kang, 2014 & 2021; Yazici & Bilir,
2017), and other forest tree species (i.e., Bilir et al., 2003 & 2005; Kang and Lindgren, 1998). Besides, climatic
characteristics (minimum, maximum and average temperatures, annual precipitation, and relative humidity) had no
significant (p > 0.05) impact on strobilus productions. Boydak (1977) reported that temperature was a more limiting
factor on the pollen shedding than the relative humidity in Scots pine (Pinus sylvestris L.). It was also more effective
on growth of female flowers (Boydak, 1977). The present study focused on numbers of strobili productions. We did
not collect data of size of strobilus, and pollen contamination in the study. It was clear that climatic characteristics
could be effective on other plant characteristics (i.e., Cetin et al., 2018). Besides, many biotic and abiotic factors
could be impact on the strobili productions (i.e., Eriksson et al., 1973; Boydak, 1977; Eler, 1990; Odabasi, 1990; Kang
et al., 2003; Bilir, et al., 2005 & 2017; Kamalakannan et al., 2015; Yazici & Bilir, 2017&2023; Bilir & Kang, 2021). For
instance, aspect, and crown closure classes were effective on strobili and cone productions in Taurus cedar (Yazici
and Bilir, 2017 & 2023), and altitude in Brutian pine (Pinus brutia Ten.) (Bilir et al., 2005). Eler (1990) reported that
growth characteristic and age were effective on cone production in Brutian pine, while they were not effective on cone
production in Taurus cedar (Yazici and Bilir, 2023). Catal et.al. (2018) reported that the relations among the growth
characteristics and cone/seed productions changed for the years and populations in Taurus cedar.

Conclusions
Results of the study can be used in forestry practices of the species in local area. The present study was carried out
in limited area of Taurus cedar to correlate some climatic characteristics and strobilus productions. New studies
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should be carried out in large sites and long-term data in the species to give accurate conclusions and considered
new reproductive characteristics such as cone and seed productions.
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Figures

Figure 1

Natural distribution (Odabasi, 1990) and location of the sampled Taurus cedar populations in Turkey

Figure 2

Immature (left side) and mature male strobili (right side) of the species
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Figure 3

Monthly climatic characteristics for the sides and years
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Figure 4

Averages of the strobili productions for the sides and years

Figure 5

Relations between female (N♀) and male (N♂) strobilus in pooled populations


