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Abstract: Taurus cedar (Cedrus libani A. Rich.) is one of the most important tree species in Turkey. The current
research was conducted to determine the effect of temperature on the germination of C. libani seeds. The seeds were
collected from five provenances and prechilled for 4 weeks before the germination tests. Germination tests were
conducted at six different temperatures (4, 8, 12, 16, 20, 24 °C). Temperature treatments were found to be effective
on the germination percentage and mean germination time. The highest and the lowest average germinations were
obtained at the 4°C (55.1%) and 24°C (26.5%), respectively. Mean germination time greatly differed at various
temperature regimes. In general, the germination decreased with the increased constant temperatures used in the
tests. There were also differences between provenances in terms of germination percentages.
Key words: Cedrus libani, Taurus cedar, dormancy, germination, prechilling

Farkl Sicakhk Uygulamalarinin Toros Sediri (Cedrus libani A. Rich.) Tohumlarinin Cimlenmesi Uzerine
Etkileri

Ozet: Toros sediri (Cedrus libani A. Rich.) Tiirkiye’deki en énemli agag tiirlerinden biridir. Bu arastirmada, Toros
sediri tohumlarinin farkli sicakliklardaki ¢imlenme tutumlarinin belirlenmesi amaglanmistir. Tohumlar bes farkli
orijinden toplanmis ve ¢imlenme testlerinden dnce 4 hafta siire ile soguk katlamaya alinmigtir. Cimlenme testleri alt1
farkl sicaklikta (4, 8, 12, 16, 20, ve 24 °C) gerceklestirilmistir. Cimlenme sicakligi, ¢cimlenme yiizdesi ve ortalama
¢imlenme siiresi iizerinde etkili olmustur. En yiiksek ve en diigiikk ¢imlenmeler sirasiyla 4°C (55.1%) ve 24°C
(26.5%) sicakliklarda tespit edilmistir. Ortalama ¢imlenme siiresi bilyiik 6l¢iide ¢esitli sicaklik rejimlerinde farklilik
gostermistir. Genel olarak, ¢imlenme testlerinde kullanilan sicaklik dereceleri arttikga c¢imlenmeler azalmustir.

Cimlenme yiizdelerinde orijinlere gore de farkliliklar ortaya ¢ikmustir.
Anahtar Sozciikler: Cedrus libani, Toros sediri, dormansi, ¢imlenme, soguk katlama

INTRODUCTION

The genus Cedrus, belongs to family of Pineacea, is
represented with four species hamely; C. deodora Loud.
(Nepal and Himalaya Mountains), C. brevifolia Hen.
(Cyprus), C. atlantica Manettii (Atlas Mountains) and
C. libani A. Rich. (Turkey, Lebanon and Syria)
(Vidakovic, 1982; Yaltirik, 1993; Pijut, 2008). Cedrus
libani, Taurus cedar, is commonly found over Taurus
Mountains in Southern Turkey and has small scattered
and degraded populations in Lebanon and Syria (Dirik,
2002; Boydak and Calikoglu, 2008; Hajar et al., 2010).
The species grows to old ages and impressive sizes. Its
height is usually around 30-40 m and can reach up to 46
m and 2.49 m diameter at breast height (Rushforth,
1987; Boydak, 1996). The tree mainly found on sunny
southern slopes in bare karstic lands of the
Mediterranean side of Taurus Mountains where it
receives moist winds from the sea and grows from 500
m to 2400 m above sea level (Atalay 1987). It has a
conical form when young, but at later ages, the growth
rate slows down and upper branches enlarge to more
coarse-branched, flat topped and interesting crown
appearance (Chaney, 1993).

C. libani is a wind-pollinated tree. Male flowers
appear in July and elongate 3-5 cm in August, while
female flowers can be observed early September or

October depending on the location. Cones shed pollen
in the late autumn. Cones are barrel shaped, broadest at
one-third and taper to apex, grey-green, lumpy,
somewhat resinous, 8-12 cm by 4-6 cm. Scales are
usually 5 cm wide (Boydak and Calikoglu 2008).
In recent decades, there is an increasing interest in using
native local trees for reforestation and urban plantings
(Urgeng, 1998; Mansurian et al., 2010). C. libani,
throughout its natural distribution, covers an area of
over 463.521 ha in Turkey (OGM, 2012). The species is
used for afforestation of degraded areas due to its
drought resistance (Ducrey, 1993; Boydak, 2003) high
survival rate, adaptation, and wood chracteristics in
Turkey and in other countries (Fusaro 1990; Morandini
and Mercurio 1990; Assadollahi and Hedayeti 1990;
Boydak 1996). Moreover, in some intensive plantations
take place on fertile soils with C. libani outside its
natural range (Boydak 1996). C. libani exhibits
considerable variation in various form and growth
characteristics within its altitudinal and horizontal
distribution range. The use of appropriate seed sources
for the specific areas affects afforestation and
reforestation success (Tilki and Dirik 2007; Boydak and
Calikoglu 2008).

Temperature is one of the most effective factors on
the germination behavior of seeds (Bewley and Black
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1994; Schmidt 2000). The temperature requirements for
seed germination varies by species, variety, and
sometimes, populations used as seed sources. Optimum
temperature range for germination is also related to the
ecology of the seed collection location (Baskin and
Baskin 1998; Fenner and Thompson 2005). C. libani
seeds exhibit seed dormancy and significant interactions
were observed between stratification and seed collection
sites (Odabasi, 1990). Therefore, the investigation of the
adaptive mechanisms regarding seed germination is of
great importance to conservation and regeneration of C.
libani in the Mediterranean ecosystems. Detailed studies
have been needed on the germination behaviour of C.
libani seeds at different temperatures.

The aim of this study was to evaluate the effect of
different temperature regimes on the germinability and
germination speed of C. libani seeds collected from five
different provenances.

MATERIALS and METHODS

Seed Material

The seeds of C. libani were collected from five
provenances in southern Turkey (Table 1) at the first
week of November 2007. In the laboratory, seeds were
air-dried until they reached about 6% moisture content
(MC).

Table 1. Location and elevation of populations used as
seed sources in the study

Provenance Latitude | Longitude | Elevation (m)
Goksun 38°07 | 36°25 1570
Tarsus 37°10° | 34°2%’ 1450
Silifke 36°44° | 33°56° 1400
Anamur-Abanoz | 36° 19’ | 32°57’ 1480
Isparta-Belcegiz | 38°00° | 31°16° 1420

Germination Temperature

C. libani seeds have physiological dormancy and
they need approximately 4 weeks of prechilling before
the germination test (Odabasi, 1990). In order to
determine the effect of temperature on the germination
response, seeds from 5 different provenances (Goksun,
Tarsus, Silifke, Anamur, Isparta) were prechilled
without media for 4 weeks in a fridge (4 °C). Prechilling
was applied in the plastic bottles covered with
perforated aluminum folio under dark conditions. To
keep the level of seed moisture content at maximum
level during the prechilling, distilled water was sprayed
on the seeds once in every two week period throughout
the study.

After the prechilling treatment, the seeds were
subjected to germination test at six different constant
temperature (4, 8, 12, 16, 20 and 24 °C) regimes. The
seeds were rinsed with sterile distilled water for a
minute and three replications of 50 seeds were used in
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the germination tests. During the germination tests,
seeds were kept at dark for about 16 h and under light
for 8 h. Germination tests were carried out on two layers
of filter paper in 15 cm petri dishes. Filter papers were
changed if any fungal development was observed. Seeds
were considered germinated when their radicles
protruded 3 mm and showed geotropism. The Petri
dishes were checked every four days at 4 and 8 °C and
every two days at 12, 16, 20, and 24 °C, the germinated
seeds were counted and removed. Germination tests
were terminated after 56 days at 4 and 8 °C and after 28
days at other temperatures.

To check the interaction between the prechilling and
germination temperature, both fresh and prechilled (4
w) seeds of Tarsus provenance were taken to
germination tests. The seeds of Tarsus provenance was
only used in this test due to the limited amount of seeds
from the other provenances.

Germination Parameters

In the germination tests, germination percentage
(GP) and mean germination time (MGT) were
calculated according to the following formulas (Bewley
and Black 1994):

n.
GP(%) = ZN x100

Where GP (%) is the germination percentage,
n; is the number of germinated seeds at day i, and
N is the total number of incubated seeds per test.

MGT = Z(ti'ni)

N

Where MGT is the mean germination time,
tj is the number of days from the beginning of the test,
and n; is the number of germinated seeds recorded on
day tg).

Statistical Analyses

Germination Percentage (GP %) and Mean
Germination Time (MGT) values of treatments were
subjected to factorial ANOVA to detect the significance
of germination temperatures and provenances. GP (%)

values was transformed using arcsine +% formula to
normalize error distribution prior to variance analyses.
When a significant effect was detected, differences
among the groups were identified using Duncan’s New
Multiple Range test.

RESULTS

The results of this study revealed that germination
temperature and provenance had significant effect on
the germination percentage. GP for temperature X
provenance interaction was also significant (Table 2).
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Table 2. Temperature and provenance effect on germination percentage (GP) and mean germination time (MGT)

GP (%) MGT (day)
Source df [ MS F P-value MS F P-value
Temperature (T) 5 629.2 85.3 0.000 437.4 794.4 0.000
Provenance (P) 4 352.5 47.8 0.000 133.3 242.1 0.000
TxP 20 | 37.7 5.1 0.000 12.3 23.3 0.000
Error 60 7.4 0.55

GPs (%) varied depending on the temperature
treatments and were the highest at the 4 °C constant
temperature (Figure 1). GPs were also relatively high at
lower temperatures of 8 °C and 12 °C temperatures. The
average GPs decreased as temperature increased and
was the lowest at 24 °C. GPs decreased especially from

16 °C through 24 °C. Overall average GPs at 16°C,
20°C were also significantly lower than those of 4 °C,
8°C and 12 °C. GPs differed according to provenances
as well. Average GP of Isparta and Silifke was
significantly higher than those of others (Table 3).
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Figure 1. Average germination percentage of seeds at different temperature regimes collected from five provenances

Table 3. Germination percentage of seeds at different temperature regimes

Germination percentage (% 2
Provenance 1°C 8°C 12 °C D 16 Og (%) 20 °C 24 °C Average
Goksun 51.3a 52.7a 48.7 a 46.0a 46.7 a 31.3b 46.1B
Tarsus 540a 51.3a 49.3 a 28.7h 28.7h 14.7 ¢ 378C
Silifke 56.7 a 57.3a 60.7 a 58.0a 53.3a 28.7b 52.4 A
Anamur 51.3a 52.7a 50.0a 35.3b 31.3b 18.7¢ 399C
Isparta 62.0 a 53.3a 55.3 a 59.3 a 56.7 a 39.3b 543 A
Average 55.1a 535a 52.8 a 455b 43.3b 26.5¢

The values on the same line followed by the same letters are not significantly different at P<0.05.
2 The values on the same column followed by the same capital letters are not significantly different at P<0.05.

MGT significantly differed at various temperature
regimes. Germination accelerated with an increase in
constant temperatures from 4°C through 24 °C (Table
4). Mean germination time was lowest at 4°C in all the

provanances. There was also statistically important
differences for the average MGT between provenances.
Goksun provenance was clearly the fastest at different
temperatures in terms of germination speed.
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Table 4. Mean germination time of seeds at different temperature regimes

Mean germination time (days

Provenance Average

4°C 8°C 12 °C 16 °C 20 °C 24 °C
Goksun 13.9d* 8.6¢ 6.0b 5.4 ab 53a 48a 73 A
Tarsus 24.8f 22.8¢e 12.9d 9.7¢ 8.2b 6.1a 141D
Silifke 21.5d 17.7¢ 11.8b 10.2b 73a 79a 131C
Anamur 19.3e 17.0d 12.0¢ 10.9b 9.0a 8.1a 12.7C
Isparta 21.0e 14.0d 8.1c 6.9b 6.9 b 5.0a 10.3B
Average 20.1f 16.0e 10.2d 9.0c 73b 6.4a

The values on the same line followed by the same small letters are not significantly different at P<0.05.

2 The average values on the same column followed by the same capital letters are not significantly different at
P<0.05.

Both fresh (nonprechilled) and prechilled seeds of
Tarsus provenance demonstrated similar germination
percentages at 4 °C and 8 °C. On the other hand, GPs of
nonprechilled seeds was significantly lower at 12, 16,

20 and 24 °C. Germination speed of nonprechilled seeds
was also evidently slower than those of prechilled seeds
at all the temperatures (Figure 2).
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Figure 2. Germination percentages of fresh and prechilled (4 w) seeds from Tarsus provenance at different

temperatures

DISCUSSION

According to the present study, the temperature had
the strong effect on the germination of C. libani seeds
(Table 2, Table 3). Among the tested temperature
regimes, 4°C, 8 °C, and 12 °C constant temperatures
appeared to be suitable germination temperatures for the

GPs of provenances were similar and about 50-60 %
at 4, 8 and 12 °C after prechilling treatment. But,
various GPs of provenances observed at 16, 20, and 24
°C were due to probably various dormancy levels and
the effect of temperature on various dormancy depths.
Four weeks of prechilling was enough for full dormancy

prechilled seeds since the average germination removal in Goksun, Silifke, and Anamur seeds and,
percentages were significantly lower at any other therefore GPs of those provenances were similar at all
temperature  regimes tested during the study. the temperatures except 24 °C. On the other hand, GPs

Germination temperatures of 4 and 8 °C were effective
on breaking the dormancy and, thus, appeared to be
suitable for germination temperature for fresh seeds.
There were great decline in the average germination
percentages at 24 °C.

of Tarsus and Anamur declined at 16 °C and above
temperatures due to probably more prechilling
requirement. The results agree with the author (Odabast,
1990), who reported that dormancy on C. libani seeds
depend on the seed provenances. On the other hand, it is
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stated (Dirr and Heuser, 1987) that Cedrus spp. seeds
has little or no dormancy and can germinate without any
pretreatment. The results of this study partly agree with
the authors (Dirr and Heuser, 1987). In the present study
in which seeds from Tarsus provenance were prechilled
significantly affected the seed GP and mean
germination time compared to GP and MGT of
nonprechilled seeds especially at 12 °C and above
temperatures (Figure 2). Current study demonstrated
that C. libani seed has variable degree of dormancy and
need about 4 w prechilling before germination test.

Germination temperature is found to be very
effective on the germination parameters. Different
germination temperatures such as constant temperature
of 20 °C, (ISTA 1996) and alternating temperature of
25~20°C, 30~20°C have been used in the germination
of pretreated C. libani seeds (ISTA, 1996; Takos and
Merou, 2001). In the present study, the constant
temperature of 4, 8 and 12 °C resulted in higher
germination percentages than the tested temperatures of
16, 20 and 24 °C (Table 3). The results of this study
imply that the germination temperature of 20 °C or
above is not favorable for prechilled C. libani seeds.
Considering the overall results, it is indicated that C.
libani seeds exhibit better germination performance at
lower constant temperatures which is somewhat
different than seed germination behavior of many
woody plant species.

Germination temperatures higher than the optimum
temperature usually cause secondary dormancy (Khan
and Samimy, 1982; Copeland and McDonald, 1999). In
the present study, lower germinability observed at 20°C
and 24 °C temperatures might be partly the result of
secondary dormancy. Similar behavior of secondary
dormancy over 20°C was also reported for beechnuts
(Gugata, 2002; Yilmaz, 2005) and Fraxinus spp. seeds
(Tylkowski, 1988; Piotto and Di noi, 2003) as well.
Induction of secondary dormancy in Cedrus spp. was
also supported by another study (Zaki, 1970) who
reported secondary dormancy phenomenon observed in
C. atlantica seeds resulted from exposing the seeds to
high temperatures.

In the current study, the seeds were stratified at 4 °C
in the fridge for removing the dormancy. Lower
germination temperatures such as 8 °C was also
effective in removing the dormancy of fresh seeds of
Tarsus provenance, which was supported by several
studies (Suszka et al., 1996; Bonner, 2008).The authors
(Thapliyal and Gupta 1980) stated that stratification
temperature of 9°C was also effective in dormancy
breaking in Cedar seeds. For nonprechilled seeds,
germination temperature of 4 and 8 °C can be suggested
since these temperatures is effective on the dormancy
breaking of the seeds (Figure 2). For prechilled seeds,
12 and 16 °C can be preferred due to high and faster
germination.
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CONLUSIONS

This study focused on to determine the effect of
temperature on the seed germination of C. libani. Seeds
were obtained from five provenances and prechilled
before the germination tests. The temperature had strong
effect on the germination of C. libani seeds. Mean
germination time greatly differed at various temperature
regimes. Germination decreased with the increased
constant temperatures used in this study. Seed
provenances had also an effect on the final germination
percentage. Further research is needed on the seed
maturation and collection time, seed storage, and the
relationship between collection time and dormancy level
in C. libani seeds.
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