
Introduction

The Taurus cedar, Cedrus libani A.Rich.., occurs in the
Jebel Alaonite Mountains in Syria, and Lebanon and Anti-
Lebanon, where it is now very rare (about 2000-3000 ha
of forests of this species), but it is plentiful in the Taurus
Mountains in Turkey (Vidakovic, 1991). In general,

humid (oro-Mediterranean), semi-humid-semi-boreal
(leeward region of Mediterranean (Taurus) Mountains-
Zonoecotone), or boreal semi-dry (inner or Central Asia
Minor) climatic conditions prevail where it grows (Atalay,
1987; Boydak, 1996). Boydak (2003) after Quézel
(1979, 2000) stated that it occurs in supra-
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Abstract: The effects of morphological characteristics on seedling performance were studied in Cedrus libani seedlings at 3 locations
in the Central Anatolia region of Turkey. Some 2+0 seedlings were morphologically graded according to height and root collar
diameter sizes. The seedlings were divided into 5 height categories and each height category was divided into small and large root
collar diameter subcategories. The morphologically graded seedlings were planted at 3 locations. After 5 growing seasons, the mean
survival of the seedlings planted in Ankara, Eskiflehir and Konya locations was 84.4%, 77.9% and 54.7%, respectively. The mean
height of seedlings planted in Ankara, Eskiflehir and Konya was 78.5, 51.8 and 48.7 cm, respectively. Survival and height growth
of graded seedlings showed significant differences among the locations, which might be a reflection of differences in climatic and
physiographic conditions among the locations. The initial height and root collar diameter of seedlings had no effect on survival. Only
root collar diameter had a significant effect on height growth. Initial height differences among different sized stocks were still
significant after 5 years, but had not expanded. Our results suggest that initial seedling morphology is not a good predictor of field
survival but root collar diameter is a good indicator of the growth potential of C. libani seedlings after planting. This study indicated
that the physiological characteristics of seedlings have a strong influence on seedling survival potential.
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Morfolojik Olarak S›n›flanm›fl Toros Sediri (Cedrus libani) Fidanlar›n›n ‹ç Anadolu
Bölgesindeki Beflinci Y›l Performans›

Özet: Bu çal›flmada ‹ç Anadolu Bölgesinde 3 yerde yap›lan denemelerle, Cedrus libani fidanlar›na ait morfolojik özelliklerin dikim
sonras› performansa olan etkisi araflt›r›lm›flt›r. 2+0 yafll› fidanlar boy ve kök bo¤az› de¤erleri kullan›larak s›n›flanm›flt›r. Fidanlar 5
boy s›n›f›na ve her boy s›n›f› da kal›n ve ince kök bo¤az› çap›nda olanlar fleklinde 2 alt s›n›fa ayr›lm›flt›r. Morfolojik olarak s›n›flanan
fidanlar 3 deneme alan›na dikilmifltir. Ankara, Eskiflehir ve Konya alanlar›na dikilen fidanlar›n 5 vejetasyon mevsimi sonra yaflama
yüzdeleri s›ras›yla % 84.4, 77.9 ve 54.7 olmufltur. Ankara, Eskiflehir ve Konya alanlar›na dikilen fidanlar›n ortalama boylar› s›ras›yla
78.5, 51.8 ve 48.7 cm olmufltur. Yaflama yüzdesi ve boy bak›m›ndan deneme alanlar› aras›nda beflinci y›l sonunda görülen farklar›n
nedeni deneme alanlar› aras›ndaki klimatik ve fizyografik farklar olabilece¤i san›lmaktad›r. Fidanlar›n dikim an›ndaki boy ve kök
bo¤az› çap› büyüklüklerinin fidanlar›n yaflama yüzdeleri üzerinde etkisi yoktur. Fidanlar›n boy büyümeleri üzerinde yaln›zca fidan kök
bo¤az› çap›n›n etkisinin oldu¤u belirlenmifltir. Dikilecek fidanlar aras›nda bafllang›çta var olan boy fark› dikimden 5 y›l sonra da
korunmufltur, fakat artmam›flt›r. Bu çal›flma, C. libani türünde dikimde kullan›lan fidanlar›n morfolojisinin, arazideki tutma
baflar›s›n›n önceden tahmini için iyi bir gösterge olmad›¤›, ancak dikim sonras› büyüme potansiyelinin belirlenmesinde kök bo¤az›
çap›n›n iyi bir gösterge oldu¤unu göstermifltir. Bu çal›flma ayr›ca, fidanlar›n yaflama potansiyelleri üzerinde fizyolojik
karakteristiklerin önemli bir etkisinin oldu¤unu ortaya koymufltur..

Anahtar Sözcükler: Toros sediri, Fidan kalitesi, Morfolojik karakteristik, Fidan performans›

*Data were derived from the experimental parts of a PhD thesis prepared at Karadeniz Teknik University Faculty of Forestry in 2001.
Correspondence to: aksemerci@yahoo.com



Mediterranean, mountain-Mediterranean and oro-
Mediterranean zones on the Taurus Mountains facing
seawards, where per humid, humid, sub-humid and semi-
arid climatic conditions prevail. Prolonged summer
drought is its habitat, but it can withstand frost damage
at about –20 oC in an arboretum in Massachusetts (Goor
and Barney, 1976), outside of its natural distribution
(Akgül and Yılmaz, 1987) and at about –35 oC in its
natural distribution in Turkey (Atalay, 1987, 1990). The
total natural forest area of C. libani is 99,325 ha in
Turkey (OGM, 1980). It also has very good adaptability
and can have a high survival rate when planted on suitable
sites outside of its natural ranges or distribution (Boydak
et al., 1990; Boydak, 1996). According to Yahyao¤lu and
Genç (1990), this species is used widely in the
Mediterranean region because of its resistance to high
temperature, drought and frost. fiimflek et al. (1996)
reported that in experimental areas of Tokat, Kütahya,
Eskiflehir and Ankara, C. libani showed great success and
in fact it competed well against broad-leaved tree species
used in their study. They suggested that this species must
be taken into consideration when planting in the semi-
arid Central Anatolia region. For those reasons, the
Turkish Forest Service has planted a total of 110,487 ha
of C. libani (Konukçu, 2001).

Seedlings are exposed to a wide range of
environmental stress conditions in planting sites. These
conditions could reduce the performance (survival and
growth) of newly planted seedlings. Planting success
depends largely upon the physiological and morphological
preparedness of seedlings to survive and grow after
planting (Duryea and McClain, 1984). This preparedness
has been collectively termed “seedling quality”.

Successful tree establishment by reforestation or
afforestation requires good quality seedlings. Good
quality seedlings are better able to withstand
transplanting shock and difficult conditions in planting
sites. Good quality seedlings provide an increased survival
rate, grow fast and reduce costs of planting and
maintenance. Using poor quality seedlings may reduce
survival and early growth rates (fiimflek, 1987; Edwards,
1998).

Numerous morphological and physiological
characteristics regarding seedling quality evaluation have
been reported in the literature (Chavasse, 1980;
Jaramillo, 1980; Sutton, 1980; Ritchie, 1984; Munson,
1985; Yahyao¤lu, 1986; Puttonen, 1989; Boydak and

Dirik, 1990; Dirik, 1991; Genç 1992; Mattsson, 1997;
Edwards, 1998; Sarvas, 2001). These physiological
attributes include carbohydrate reserves of seedlings,
chlorophyll contents of needles, cold hardiness, cold or
frost injury, detection of dead plant tissues, dormancy,
gas exchange, mineral nutrients, mitotic index, plant
growth substances, plant water status, root growth
potential and stress resistance (Puttonen, 1989).
Morphological characteristics are physically or visually
determinable attributes of seedlings. Morphological
characteristics have been used widely and traditionally to
assess seedling quality. The major morphological
attributes are height, root collar diameter, bud length,
shoot:root ratio, shoot weight and root weight.
Morphological characteristics, specifically height and root
collar diameter, currently provide the best estimate of
seedling performance after outplanting (Mexal and
Landis, 1990). Seedling height and root collar diameter
generally have large and positive correlations with the
other parts of seedlings. These correlations also have
been indicated in C. libani species (Bilir, 1997; Demirci
and Bilir, 2000; Semerci, 2001; Bilir, 2002). These 2
parameters are universally accepted measures of
performance potential (Mexal and Landis, 1990).

In general, the correlation between initial height and
survival is often contradictory and tree planters prefer
shorter seedlings for arid sites, and taller seedlings for
places where vegetative competition or animal damage is
severe. Seedling root collar diameter is generally
regarded as a better measure of survival and growth than
seedling height (Munson, 1985; Mexal and Landis,
1990). In general, height is not highly correlated with
survival, but is a good predictor of growth following
outplanting (Munson, 1985; Mexal and Landis, 1990;
Savil et al., 1997).

There are many large successful plantations of C.
libani in Eastern and Central Anatolia (Akgül and Yılmaz,
1987; Boydak et al., 1990; Boydak, 1996). This species
is still being planted in Central Anatolia, where semi-arid
and arid environmental conditions are dominant. In arid
and semi-arid areas where humidity is low and
transpiration is high, seedlings are subject to great water
loss, which causes physiological weakness and mortality
after planting. Tree planters must use proper planting
tools and techniques and high quality seedlings to increase
the rate of survival and reduce the cost of planting in
these areas. Grading for height and root collar diameter
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is a practice for separating poor quality seedlings.
Seedling heights are typically listed as ranges between
some minimum and maximum, whereas root collar
diameter is usually a minimum standard (Mexal and
Landis, 1990).

The data evaluated in this paper were derived from
the experimental parts of a PhD thesis prepared at
Karadeniz Teknik University Faculty of Forestry in 2001.
However only first-year survival rates and third-year
heights of seedlings were evaluated in this thesis. This
paper contains fifth-year results and shows considerable
differences from the PhD thesis.

The objectives of this study were to determine the
effects of initial root collar diameter, seedling height
(morphological quality characteristics of seedlings) and
planting location on survival and height growth of 2+0 C.
libani bare-root seedlings at the end of 5 years in the
Central Anatolia region.

Materials and Methods

Seedling Materials

2+0 Taurus cedar seedlings were used in this study.
The seedlings were produced in Eskiflehir forest nursery
from seeds collected from Belce¤iz, Isparta.

Grading Method 

Five hundred seedlings were systematically sampled
from the nursery bed in December 1996. Their heights
and root collar diameters were measured with a 0.1 cm
and 0.1 mm accuracy, respectively. The frequency
distribution of the seedlings according to seedling height
and root collar diameter was obtained to divide them into

categories. For this purpose, the 95% confidence interval
of height measurements was calculated using the formula
X
–

± 2S, in which X
– 

and S refer to the mean and standard
deviation of height values, respectively (Düzgünefl 1963;
Bryant 1966; Kalıpsız, 1988). The range between the
upper and lower confidence limits was divided into 5
height categories with 5 cm intervals. In addition, each
height category was divided into small and large
subcategories according to root collar diameter (Table 1)
using the median value of each height category in the
regression line showing the relationship between height
and root collar diameter.

Experimental Design and Statistical Analysis

The experimental design was a randomized block
design with 10 seedling categories and 3 planting sites
arranged in 3 replications (blocks) per site. Seedlings
were planted with spacing of 3.0 m between the rows
and 1.5 m in the rows. Twenty-five seedlings per
replication were used for recording survival (%) and
seedling height (cm). In total, 2250 seedlings were
measured.

Seedlings in each category were planted on March
12th 1997 at 3 locations (Ankara, Eskiflehir and Konya) in
Central Anatolia. Some physiographic and soil properties
and meteorological data of the locations are given in
Table 2.

Analysis of variance was performed to determine
significant differences in height growth and survival of
seedlings among the 3 planting sites at the end of 5
growing seasons. The Student Newman Keuls test was
used in the mean separation of groups (P < 0.05).
Survival percentages per site were transformed to arcsine
square roots before analysis.
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Table 1. Heights and root collar diameters of seedling categories.

Root Collar Diameter Categories (mm)
Seedling Height Heights (cm)

Categories Large Small

1 32.4-27.5 7.1-6.1 6.0-5.1

2 27.4-22.5 6.3-5.3 5.2-4.3

3 22.4-17.5 5.5-4.5 4.4-3.5

4 17.4-12.5 4.8-3.8 3.7-2.8

5 12.4-7.5 3.9-3.0 2.9-2.0



Results

The F-values of survival and height at the end of 5
growing seasons obtained from field experiments are
shown in Table 3.

Analysis of variance revealed that only location
(planting site) had a significant effect on survival at P <
0.001 level (Table 3). The mean survival of the C. libani
seedlings planted in Ankara, Eskiflehir and Konya was
84.4%, 77.9% and 54.7%, respectively, and the survival
of seedlings in Konya was significantly different from the
others. The reason why survival rate was the lowest in

Konya might be the high water deficit and heavy soil
texture at that location (Table 2).

Analysis of variance indicated that planting areas,
initial height and root collar diameter categories had
significant effects on heights of seedling categories (Table
3). The mean height of seedlings planted in Ankara,
Eskiflehir and Konya was 78.5, 51.8 and 48.7 cm,
respectively. Ankara was significantly different from the
other 2 locations. About 28 cm height differences
between Ankara and the other locations may be a
reflection of better climatic conditions for living seedlings,
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Table 2. Some physiographic attributes and meteorological data of seed source and planting locations.

Seed source  and p lant ing  locat ions
Physiographic attributes and 
meteorological data Isparta Ankara Eskiflehir Konya

Elevation (m) 1610 1450 1100 1450
Aspect North North South Southeast
Slope (%) - 20 10 3
Soil Texture

0-30 cm depth - Clay loam Silt loam Clay
30-60 cm depth - Clay loam Silt loam Clay
60-90 cm depth - Sandy clay loam Silt loam Clay

pH
0-30 cm depth - 7.4 7.8 7.8

30-60 cm depth - 7.4 8.0 8.0
60-90 cm depth - 7.5 8.0 8.0

Total CaCO3 (%)
0-30 cm depth - 0.0 5.3 19.0

30-60 cm depth - 0.0 9.0 39.3
60-90 cm depth - 0.0 9.0 66.5

Annual Precipitation (mm)* 598.2 441.9 383.3 292.3
(Semi-arid) (Semi-arid) (Semi-arid) (Arid)

Precipitation for Vegetation Period (mm) 222.9 190.1 178.7 153.1
Mean Annual Temp. (ºC) 12.1 11.7 10.8 11.5

Water Deficits of Locations (mm) 297.0 360.8 335.8 421.3
(Calculated using the Thornthwaite method) (For long period) (For experiment period) (For experiment period) (For experiment period)

Precipitation Effectiveness Index** 20 17 15 11
(Calculated using the Erinç
method for Vegetation Periods)

* In general, regions that receive less than 300 mm of precipitation a year considered arid. Semi-arid regions receive an annual precipitation of over
300 and up to 600 mm (Goor and Barney, 1976). 

** Erinç classified that index value <8 means very drought; 8-15 means drought; 15-23 means semi-drought; 23-40 means semi-humid; 40-55
means humid; 55< index value means very humid (Türkefl, 1990).



especially the lower water deficit and north aspect with
better soil conditions in Ankara (Table 2).

After 5 growing seasons, mean heights of surviving
seedlings ranged from 48.1 to 69.0 cm. According to the
Student Newman Keuls multiple comparison of means
test, initial height differences between seedling heights
categories were still present at the end of 5 years, but
had not expanded. Furthermore, on average of 5-seedling
height categories seedlings with large root collar
diameters were 3.9 cm taller than those with smaller root
collar diameters (Table 4).

Discussion

As the seedlings planted at all 3 locations were in the
same height and root collar diameter categories at the
beginning of the study, the survival differences among
locations at the end of 5 years were a reflection of
climatic and physiographic differences among the planting
areas. The first priority in the planting of C. libani should
be given to Ankara and Eskiflehir instead of Konya, which
has arid climatic conditions. Similarly, Bilir (2002)
showed the effects of climate and topography on survival
in the Black Sea region during his provenance trials study.

Seedling survival was more than 75% in Ankara and
Eskiflehir, and this rate might be considered high enough
for semi-arid areas. This result indicated that C. libani
was well adapted to the semi-arid ecological conditions of
Central Anatolia. Konya was significantly different from

the other 2 locations in terms of mean survival. This
difference might be mainly due to the higher water deficit
and heavy soil texture in Konya. After 5 growing seasons,
the mean height of seedlings was highest in Ankara and
significantly different from that in the other 2 locations.
This height difference might be mainly due to the lower
water deficit and more favorable north aspect with better
soil moisture conditions and lower solar radiance
compared to the other aspects in Ankara. Similarly, Akgül
and Yılmaz (1987) showed that growth of C. libani trees
was affected mainly by annual precipitation and soil
characteristics outside its natural distribution areas.

In the present study, initial seedling height and root
collar diameter sizes had no effect on survival after 5
growing season in the 3 locations. This result
corresponds well with the findings reported by Eler et al.
(1993), and Eler and Keskin (2003). They observed that
the size of seedlings had no effect on the survival of C.
libani after 3 and 14 years in a sub-Mediterranean region
of Turkey. The present study and previous studies on the
Taurus cedar (Eler et al., 1993; Eler and Keskin, 2003)
support the ideas that (1) morphological characteristics
alone are not a reliable indicator of seedling survival (Van
den Driessche, 1976; Sutton 1979; Puttonen, 1997); (2)
the physiological characteristics of seedlings have a strong
influence on seedling survival and growth potential
(Ritchie, 1984); and (3) comparisons of seedling
performance based upon morphological traits are valid
only when seedlings are in the same physiological
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Table 3. F-values from ANOVA on main effects and interactions for seedling height and root collar diameter
categories on survival and height at the end of 5 years.

Source of variation Degrees of F-values for survival of F-values for height of
freedom seedling categories1 seedling categories

Locations (A) 2 30.69 *** 95.09 ***

Height categories (B) 4 1.05 ns 13.48 ***

Diameter categories (C) 1 0.07 ns 3.95 *

Replicate (D) 2 1.62 ns 5.08 **

Interaction A x B 8 0.68 ns 0.71 ns

Interaction A x C 2 2.75 ns 1.58 ns

Interaction B x C 4 0.87 ns 0.47 ns

Interaction A x B x C 8 0.29 ns 0.56 ns

* Significant at P < 0.05 level,             ** significant at P < 0.01 level,             *** significant at P < 0.001 level,
ns: none-significant. 

1Survival percentages were transformed to arcsine square roots before analysis.



conditions at planting time (Ritchie, 1984). Similar to the
present study, seedling size did not affect seedling
survival in Pinus nigra subsp. pallasiana (Kızmaz, 1993),
Pinus sylvestris (Tosun et al., 1993), Fagus orientalis
(Özpay and Tosun, 1993) or transplanted Picea orientalis
(Genç et al., 1995). However, the absence of a seedling
size effect on survival in C. libani is inconsistent with
some previous studies on other tree species, which show
a relationship between seedling sizes and survival (Bacon
et al., 1977; Larsen et al., 1986; Tuttle et al., 1987;
Shiver et al., 1990; Dirik, 1991; Long and Carrier,
1993). This inconsistency might be due to differences in
species and evaluation ages of seedlings after planting in
each study. First-year survival results in this study were
evaluated in another study by Semerci (2001), and he
stated that seedling size has an effect on survival. Survival
was positively correlated with initial height in Ankara but
there was a negative correlation in Eskiflehir and Konya in
Taurus cedar at the end of the first year. However, this
study showed that the effects of morphology on first-
year survival had disappeared by the end of the fifth year. 

Initial root collar diameter of seedlings had
significant effects on their height growth after 5 growing
seasons (Table 3). The large root collar diameter
seedlings grew more than the smaller seedlings did (Table
4), and this result partially supported the findings of Eler
et al. (1993). In their study, the largest seedlings (root
collar diameter > 6 mm and height > 24 cm) were the
best performing seedlings in 2+0, C. libani. Those 2
studies in Taurus cedar agree well with the general idea
that root collar diameter is a good predictor of field

growth (Chavasse, 1980; Mexal and Landis, 1990;
Mattsson, 1997).

Height differences among different height categories
were maintained but had not expanded at the end of 5
years (Table 4). A similar result was observed in Norway
spruce (Picea abies). In that study, morphologically
graded seedlings (small, medium, and large) were planted
in the field and the differences in mean height among
graded seedlings were still detectable after 40 years
(Puttonen, 1989). The result of the present study agrees
partially with the study by Long and Carrier (1993), who
reported that initial seedling diameter was significantly
associated with seedling performance. The survival and
height growth of seedlings 3-5 years after planting were
positively correlated with seedling sizes at planting.
Height differences among different sized stocks were still
significant after 5 years (Long and Carrier, 1993).

According to the Turkish Forest Tree Seedling
standards (TSE, 1988), classes I and II 2+0 Taurus
cedars should be over 10 and 12 cm in length,
respectively. Their root collar diameter should be over 2
mm. However, the fifth seedling height category in our
study (Table 4) indicated that seedlings with 3.0-3.9 mm
root collar diameter are 4.5 cm taller than those with
2.0-2.9 mm diameter. For this reason, as before, Genç et
al. (1999) stated that minimum seedling root collar
diameter should be 3 mm for 2+0 Taurus cedar, and the
Turkish Forest Tree Seedling standards should be revised
without delay, taking the Standards of the European
Commission into consideration.
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Table 4. Effects of initial seedling height categories and root collar diameter categories on
seedling height 5 years after planting.

Mean heights of root collar diameter categories, (cm)
Seedling height Average1 (cm)

categories Large Small

1 69.8 68.1 69.0a

2 64.1 63.5 63.8ab

3 63.3 59.3 61.3b

4 58.6 53.7 56.2bc

5 52.1 44.0 48.1c

Average2 61.6 A 57.7B

1Values in a column with the same letter(s) are not significantly different (P < 0.001).
2Values in a row followed by the same capital letter are not significantly different (P < 0.05).



In conclusion, initial height and root collar diameter of
seedlings had no effect on survival. This suggests that
seedling morphology is not a perfect predictor of field
survival. The 2+0 seedlings with large diameters grew
faster in the early years at 3 experiment areas, and initial
height differences among different sized stocks were still
significant after 5 years. These results show that root
collar diameter is a good indicator of growth potential
after planting for C. libani seedlings. For this reason,
using seedlings with large diameters in planting might be
preferable for the establishment of new plantations to
reduce establishment cost. Since large diameter seedlings
compete well with other vegetation and may gain more

biomass volume in a shorter period than smaller seedlings
may gain, the root collar diameter of seedlings should be
increased by diverse methods (undercutting, wrenching,
top pruning, growing in a wider space etc.) in nurseries
for producing high quality seedlings. 
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