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Abstract
Global climate change is one of the most important environmental problems, and it is also known that this change will
lead to negative effects such as drought and increase in global temperature. This change is also estimated to increase its
episodic effects negatively on growth and reproduction of the forest trees. In order to estimate the episodic or continuous
effects of the drought, it is necessary to carry out studies based on long-term data. One of these studies are the investigation
to be carried out on seed orchards that are one of the most important seed resources in forestry. Within this context, in this
study, we determined to the reproductive and growth responses of the clones to the drought that continued in the most
drought season (2012) for 2 subsequent years along with 65-year climate data for Red Pine (Pinus brutia Ten.) and Taurus
Cedar (Cedrus libani Rich.). The relationships of SPEI values with seed characteristics and cone production were examined
by using Spearman Correlation Analysis.
According to the results obtained from this study, it was found that the severe drought was effected the reproductive
characteristics of both of red pine and cedar. The effect of drought on the number of cone (r=-0.810, P=0.022) in red pine and
on the number of 1-year-old cones (r=-0.40, P=0.027) and on cone moisture (r=-0.715, P=0.022) in cedar was quite evident.
These results indicate that approximately 65% of the change in number of cone in Red Pine and approximately 51% of the
change in moisture content of the cones in cedar can be explained with the drought. From the data, it is clear that the drought is
effective on the cone yield and seed characteristics in seed orchards of both of Red Pine and Taurus Cedar species.
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Introduction
Global climate change is affecting the life cycle of all
living things.A considerable increase is observed in the
number of studies (Mueller et al., 2005) examining the
factors such as the increase in carbon dioxide and drought
level related to the climate change that is effecting the
ecosystem and its processes (Anon., 2006). The drought,
which can lead to significant changes in vegetation
especially in arid and semi-arid zones (Gibbens et al.,
2005; Breshears et al., 2005), may also lead to changes in
plant species diversity and compositions with the decrease
in precipitations (Gitlin et al., 2006; Weltzin et al., 2003;
Breshears et al., 2008). For instance; the pasture lands
were dominant in Mexico in mid 1800s, it was observed
in the vegetation maps prepared in 1998 that the potion of
those lands decreased down to 1% in certain regions
(Gibbens et al., 2005). The increase in drought does not
only change the vegetation structure, but it also effects the
land stability and land-plant (Farooq et al., 2009; Allen et
al., 2010; Adams et al., 2009). Moreover, besides the
direct effects of the drought such as limiting the
photosynthesis (Felexas & Medrano, 2002; Medrano et
al., 2002) and leading to changes in carbon retention in
roots and shoots and in circulation of nutrients within the
plant (Turtola et al., 2003), it has also indirect effects by
affecting the secondary pests (Breshears et al., 2008). In
many studies the relationship between vitality of the plant
and the drought has been examined.The vitality has been
linked to water stress and the change in reproductive
activity of plant cover has not been examined (McDowell
et al., 2008). The tolerance of tree species to drought is
different.Considering the species, it has been determined

that the Juniperus species are more tolerant to drought
than Pinus species (Breshears et al., 1997; Linton et al.,
1998; Breshears et al., 2008). The effects of the drought
on cedars have been determined and it has been specified
that the drought tolerance of Cedrus libani is higher than
that of Cedrus atlantica (Boydak, 2003). On the other
hand, global warming and climate change that are the
most important environmental problem of today also
threatened the future of the forests. It is therefore required
to take in-situ and ex-situ protective precautions in order
to protect the genetic structures of all the tree species
(Tunçtaner, 2007). In this parallel, the first precaution to
be taken is to develop the seed orchards and seed
plantations (Bilir et al., 2004; Koski & Antola, 2003). By
significantly affecting the productivity of seed orchards,
global warming and climate change also threatened the
future of forest trees and productive forest lands (Zobel &
Talbert, 1984; Carter, 1996; Wang et al., 2004). For this
reason, the changes in forest gene sources caused from
climate change and global warming should be examined
periodically via actual techniques (Alfaro et al., 2014).
The most important one among those gene sources is the
seed orchards.
In this study, it is aimed to determine the effects of
climate change on the seed productivity of Red Pine and
Taurus Cedar species that are widely used in forest studies
carried out under various ecological conditions in Turkey.
Materials and Methods
In order to determine the effects of drought, SPEI
(Standard Precipitation Evapotranspiration Index) values
were correlated with the number of cones for Pinus brutia
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and the number of male-female flowers at the ages of 1
and 2 years, the length, diameter and volume of the cone,
the number of branches, moisture content of the cone, the
number, length and width of the seeds in the cone, and the
germination percentage values for Cedrus libani. These
measurements were taken in Fethiye cedar and red pine
seed orchards. The Red Pine seed orchard, first one of the
seed orchards in Muğla-Fethiye where the study was
carried out, was originated from Kaş-Karaçay, and it was
constructed on 14.2 ha land in 1.3 Reclamation Zone by
using 30 clones and 2263 saplings in year 1983. The
Taurus Cedar seed orchard is the second seed orchards
where the study was carried out, originated from FethiyeEsentepe, and was established on 5.4ha land in 1.2
Reclamation Zone by using 30 clones and 1503 saplings
(Anon., 2014) (Fig. 1).
The statistical calculations for the calculation of
SPEI values were made via the R 3.2.2 software. SPEI
values were taken as the mean value of the 6-month
vegetation period. Considering the SPEI values in
vegetation periods between 1950 and 2014, the most
drought year of last 64 years was found to be 2012
with the value of -1.30377. While year 2013 was the 4 th
most drought year with the value of -0.77142, year
2014 was 35 th most drought year with the value of 0.04489. For this reason, even if the -1.30377 is in
“moderately drought” class in SPEI classification, but
it has been the most dry season of Fethiye region for
last 65 years, it is accepted to be the severely dry,

while the year 2013 is accepted to be of moderate
drought and the year 2014 is accepted to be of normal
drought. The difference in cones and seeds due to the
effects of drought was analyzed with bi-directional
Variance analysis, where the Duncan test was
performed after the multiple post hoc comparisons. 2 variable linear correlation analysis was performed with
Spearman correlation test.
Results and Discussions
The values obtained in red pine and cedar seed
orchards under different drought levels were examined,
it was observed that the drought led to different levels
of influences in some components of those species
(Tables 1 and 2). In cedar seed orchard; while the
drought was not effective on the flowering percentage
of female flowers and the number of male flowers, it
was found to be effective on other variables (Table 2).
Hence, in various studies that were carried out in seed
orchards, it was reported that the female flowers are
influenced from the changes in environmental factors
than male flowers (Zobel &Talbert, 1984; Boydak
2003; Tunçtaner, 2007). It was determined that normal
and severe drought types led to 54% decrease in the
number of 1- and 2-year-old cones especially in cedar
seed orchard, while the moderate drought led to 22% of
decrease in the number of 1- and 2-year-old cones.

Fig. 1. The location of Fethiye seed orchard.

EFFECTS ON REPRODUCTIVE AND GROWTH CHARACTERISTICS IN SEED ORCHARDS

1227

Table 1. Influence of drought levels in cone (Mean ± SE) of Pinus brutia and Cedrus libani.
Treatments
Severely dry
2.29b

Moderately dry
3.26b

18.15 ±

ANOVA
Near normal

F1,2,3,4

P

9.66a

304.41

2.00 10-16

Count of cone (Pinus brutia)

12.39 ±

Mean height (Cedrus libani)

476.15 ± 8.56c

530.99 ± 9.31b

563.66 ± 10.22a

24.942

7.27 10-11

6.37c

4.27b

7.07a

40.551

4.19 10-14

Block 1

385.38 ±

Block 2

507.25 ± 9.32b

567.78 ± 12.85a

591.80 ± 14.22a

12.541

1.17 10-5

Block 3

11.96b

11.70a

13.15a

17.311

2.60 10-7

535.83 ±

Mean diameter at breast height (Cedrus libani)

432.65 ±

98.63 ±

592.55 ±

461.33 ±
637.85 ±

123.28 ± 2.85c

144.37 ± 2.59b

162.93 ± 3.22a

46.822

2.00 10-16

3.18b

3.23a

2.76a

55.961

2.00 10-16

Block 1

92.30 ±

Block 2

137.25 ± 3.83b

147.85 ± 5.27b

173.30 ± 4.84a

15.631

9.61 10-7

Block 3

c

b

a

1

2.56 10-8

140.28 ± 3.53

126.43 ±

158.83 ± 3.06

135.83 ±

179.65 ± 5.94

20.38

21.78 ± 0.81c

29.50 ± 1.24b

35.79 ± 1.44a

34.234

2.42 10-14

Block 1

17.22 ± 0.90b

20.73 ± 1.28b

27.52 ± 1.90a

13.313

5.86 10-6

Block 2

20.68 ±

1.21b

2.32a

2.13a

17.733

1.72 10-7

Block 3

27.85 ± 1.48b

32.11 ± 1.93b

46.40 ± 2.46a

22.833

3.69 10-9

52.57 ± 2.47

88.88 ±

5.41b

6.16a

34.994

1.27 10-14

Block 1

35.43 ± 2.69b

95.85 ± 11.45a

89.28 ± 9.35a

Block 2

53.27 ±

4.14c

7.67b

Block 3

69.00 ± 4.04b

80.45 ± 7.71b

1.20b

5.29a

Mean volume (Cedrus libani)

Mean one year cones number (Cedrus libani)

Mean two years cones number (Cedrus libani)

46.70 ±

35.66 ±

90.35 ±
82.05 ±

33.44 ±
113.05 ±

14.523

2.17 10-6

12.86a

17.523

2.02 10-7

121.10 ± 10.22a

128.78 ±
79.65 ±

12.303

1.35 10-5

5.03a

20.114

5.20 10-9

Block 1

33.67 ± 1.76b

63.82 ± 7.19a

64.45 ± 7.14a

8.903

2.46 10-4

Block 2

50.00 ±

4.22b

10.01a

7.15ab

9.743

1.19 10-4

Block 3

56.44 ± 3.90b

85.26 ± 8.68ab

100.41 ± 9.99a

7.833

6.29 10-4

0.54b

0.53a

0.57a

8.461

3.71 10-4

97.09 ±

Cone width (mm) (Cedrus libani)

32.13 ±

Moisture of cones (%) (Cedrus libani)

36.13 ± 0.35b

43.20 ± 0.42a

44.05 ± 0.56a

91.651

2.00 10-16

0.10b

0.17a

0.16a

10.221

8.08 10-5

Seed length in the one cone (mm) (Cedrus libani)
1:

6.00 ±

35.02 ±

73.90 ±

6.80 ±

34.74 ±
6.82 ±

F(2,117), 2: F(2,357), 3: F(2,123), 4: F(2,363); a,b,c: Duncan Multiple Range Test
Table 2. Influence of drought levels in seed (Mean±SE) of Cedrus libani.
Treatments
Severely dry

Moderately dry

Near normal

22.37 ± 0.39c

26.48 ± 0.45b

28.58 ± 0.56a

45.034

2.00 10-16

Block 1

20.63 ± 0.71b

26.28 ± 0.94a

27.71 ± 0.90a

18.293

1.12 10-7

Block 2

22.62 ±

0.71b

0.89a

1.20a

14.513

2.21 10-6

Block 3

23.87 ± 0.70b

26.21 ± 0.78ab

28.04 ± 0.96a

6.273

2.56 10-3

555.34 ± 30.64b

751.89 ± 60.45a

806.47 ± 54.49a

6.794

1.27 10-2

47.78b

133.15a

78.17ab

5.533

5.00 10-2

Mean branch number

Mean male flower number

26.96 ±

464.85 ±

Block 2

685.57 ± 47.74a

679.81 ± 80.15a

810.55 ± 106.02a

0.863

0.423

Block 3

54.45b

80.95ab

90.07a

4.103

1.88 10-2

523.63 ±

887.38 ±

29.98 ±

688.47 ±

773.00 ±

P

Block 1

Mean female flower numbers

835.87 ±

63.99 ± 3.89b

93.96 ± 5.36a

84.97 ± 4.30a

11.284

1.77 10-5

3.61b

6.45a

6.39a

13.803

3.92 10-6

Block 1

47.08 ±

Block 2

74.40 ± 8.35a

102.41 ± 10.04a

108.51 ± 8.65a

3.883

2.32 10-2

Block 3

6.16a

10.14a

5.07a

1.943

1.49 10-3

Conversion rate (%) of female flowers numbers to
two years cones

1:

ANOVA
F1,2,3,4

70.49 ±

89.39 ±
90.08 ±

71.19 ±
75.21 ±

55.64 ± 15.79ab

50.66 ± 18.61b

59.97 ± 14.54a

9.684

8.03 10-5

Block 1

56.80 ± 19.85ab

51.81 ± 16.14b

63.22 ± 16.86a

3.823

0.0245

Block 2

56.67 ± 14.42 a

52.94 ± 22.82a

57.02 ± 13.37a

0.553

0.578

Block 3

11.51 ab

15.19b

12.09a

7.433

8.98 10-4

53.44 ±

47.22 ±

F(2,117), 2: F(2,357), 3: F(2,123), 4: F(2,363); a,b,c: Duncan Multiple Range Test

59.66 ±
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In red pine plantation, the severe drought and moderate
drought led to 87% and 81% decreases, respectively in the
number of cones. Thus, considering the Duncan test results
in red pine plantation, it was observed that the severe
drought and moderate drought did not lead to significant
change, while all three drought types led to statistically
significant differences in first year. Thus, as a result of
drought it has been reported that significant damages
occurred in gene sources of coniferous species except the
pines, while the pines were damaged less because they
have more tolerant growth course and genetic base (Aber et
al., 2001; Alfaro et al., 2014). At the end of second year,
statistically significant differences (p˃0.01) were observed
in red pine seed orchard in terms of the number of cone and
the seed productivity (Table 1). Accordingly, it was
observed that only the severe drought type has led
difference in the number of cone and the seed productivity.
On the other hand, it was found in Taurus Cedar seed
orchard that the drought was effective on all of the
determined quantitative parameters (p˃0.001) (Table 2).
Accordingly, it was determined that all the drought types
decreased the number and development of mean height,
diameter at breast height, and length and width and
moisture of cone by 5-50%. In various studies on the
protection of different gene species, it has been reported
that especially the drought negatively affected the height
development and width development and formation of
male and female flowers and pollen production by 28.665.4% (Gitlin et al., 2006; Gienapp et al., 2008). On the
other hand, selection of venues for seed orchards has been
more important than other climatic regions for
sustainability of cone production (Schmidtling, 1987).
On the cone productivity and seed characteristics in
seed orchards, besides the number of clones and the
genetic structure, the environmental factors have also
significant effect. Within this context, the effect of gene
changes in environmental factors on the gene sources
should be periodically examined, and the relationship of
environmental factors with those parameters should be
investigated (Bilir et al., 2002; Bilir et al., 2003). Within
the scope of this study the relationships of SPEI values
with cone production and seed characteristics were
examined by using Spearman Correlation Analysis.
According to the results obtained, p>0.005 is for the
length and number of seed in cedar seed orchard, while
p<0.005 for other variables. The most statistically
significant values were obtained in the number of cone
(r=-0.810, P=0.022) in red pine and the number of 1-yearold cones (r=-0.40, P=0.027) and cone moisture (r=0.715, P=0.022) in Taurus Cedar. These results indicate
that approximately 65% of the change in the number of
cones in red pine species and approximately 51% of the
change in moisture content of cedar cones can be
explained with the drought. The studies investigating the
relationships of environmental factors (temperature,
precipitation, moisture etc.) with development in seed
sources, cone production, and seed characteristics are
seen scarce especially in Turkey, the number of original
studies on this topic are really insufficient. It was
determined in studies on relationships of environmental
factors and biological diversity that there were strong

relationships between cone and seed production and seed
characteristics. However, it has been determined by
Eprom (1997) that there is an important relation between
drought period and photosynthesis level in Taurus Cedar.
In a study on Abies alba about this topic, it was
demonstrated that there was a relationship at 73.2% level
at p>0.01 confidence level between drought/water stress
and growth/seed productivity (Macias et al., 2006;
Skrøppa et al., 2007). Similarly in another study carried
out in North America, a positive and significant
relationship at 82.4% level was found between annual
ring development of trees and drought (Stahle et al.,
2007). Yurkonis & Meiners (2006) investigated the effects
of drought on photosynthesis and biodiversity and found
73.5% and negative relationship between drought stress
and photosynthesis and 79.7% and negative relationship
between drought stress and herbal biodiversity.
Conclusions
In order to ensure the continuity of seed sources in
Red Pine and Taurus Cedar seed orchards in MuğlaFethiye region and to realize the forestation with
mentioned tree species, it is required to periodically
follow the effect of environmental factors on seed
orchards and to establish new in-situ and ex-situ gene
sources for these species in case of risky situations.
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