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The effects of growing density and fertilization on morphological seedling
characteristics of crimean juniper (Juniperus excelsa Bieb.)
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Abstract: In this study, the effects of growing density and fertilization on the morphological characteristics of the Crimean
Juniper (Juniperus excelsa Bieb.) seedlings were investigated. For this purpose, four different growing densities [150, 250, 350
and 600 (= control) seedlings per square meter] and three different fertilizer doses [0 g N (= control), 10 g N and 20 g N per
square meter] were studied. In this context, the effects of the treatments on the height (SH), root collar diameter (RCD), number
of sub branches (NSB), the longest lateral root length (LRL) and shoot:root ratio (S:R) of the seedlings, which are among the
important morphological characteristics, were examined. The data were evaluated in SPSS software. Results showed that the
main factor affecting the root collar diameter of the seedlings was growing density. Similarly, it was found that the main factor
working on the seedling height was fertilization dose. As a conclusion; it was suggested that cultivation of barerooted Crimean
Juniper seedlings in the Egirdir Forestry Nursery should be carried out with 150-350 seedlings per square meter and 10 g/m? N
application.
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Boylu Ardi¢ (Juniperus excelsa Bieb.)’ ta yetistirme sikhigi ve giibrelemenin

fidan morfolojik ozellikleri iizerine etkileri

Ozet: Bu calismada, yetistirme siklig1 ve giibrelemenin boylu ardig (Juniperus excelsa Bieb.) fidanlarimin morfolojik 6zellikleri
lizerine etkileri arastirilmugtir. Bu amagla, dort farklh siklik derecesi [metrekarede 150, 250, 350 ve 600 (=kontrol) fidan] ve ti¢
farkl giibre dozu [metrekareye 0 g N (=kontrol), 10 g N ve 20 g N] denemeye alinmigtir. Bu baglamda, uygulanan islemlerin
6nemli fidan morfolojik 6zelliklerinden olan fidan boyu, kdk bogazi ¢api, yan dal sayisi, en uzun yan kdk boyu ve govde/kok
kuru agirlik oram iizerine olan etkileri incelenmistir. Denemeye alinan islemler sonucunda elde edilen veriler SPSS paket
programinda degerlendirilmistir. Buna gore; fidanlarin kdk bogazi ¢api iizerine etkili olan temel faktdriin yetistirme sikligi
oldugu ortaya ¢ikmistir. Ayni sekilde, fidan boyu tizerine etkili olan temel faktoriin ise giibreleme dozu oldugu tespit edilmistir.
Sonug olarak; Egirdir Orman Fidanliginda yiiriitiilen boylu ardi¢ fidani yetistirme ¢alismalarinin, metrekarede 150-350 fidan

olacak sekilde yapilmasi ve metrekareye 10 g N verilmesi uygun olacaktir.
Anahtar kelimeler: Yetistirme siklig1, Giibreleme, Boylu ardig (Juniperus excelsa Bieb.), Fidan kalitesi

1. Introduction

92 % of the juniper forests covering 1.1 million hectares
in Turkey, are in a condition which cannot provide the
benefits expected both qualitatively and quantitatively
(Giltekin et al., 2003). Furthermore, in these unfavorable
forest lands, the soil has lost its biologic activity and it is
under the danger of erosion, as well. As junipers can grow
in extreme site conditions and are usually the last tree
species remaining in the deforestation process, they are the
most suitable ones for the mentioned degraded lands to be
afforested. In addition, the use of high quality seedling is
one of the most important factors effecting the success of
the afforestation in unfavourable sites (Urgeng, 1986; Negiz
et al., 2015).

Since they are practicable and easy to be used, seedling
morphological characters are used much more than
physiological characters in quality classification (Larsen et
al., 1986; Long and Carrier, 1993; Jelin et al., 2013).

Some such factors as fertilization, irrigation, shading,
seedling age, root cutting and transplantation effect the
morphological characters. Another important factor is
seedling density and it is thus crucial to determine the
cultivation density of the species. It is known that growing
density in seedbeds effects the seedling height, root collar
diameter and dry weight positively and those seedlings
which were cultivated on the seedbed thinly are more
successful in the field than the ones which were cultivated
densely (Gezer, 1986; Tetik, 1995; Jacobs et al., 2005).

In addition to seedbed density, fertilization also plays a
crucial role in the change of morphological features. A
significant part of the nutrients taken by the plants are stored
in fresh shoots, sprouts and leaves, and they are used
actively in times of need (blooming, root development etc.)
(Puttonen, 1997; Trubat et al., 2010). Therefore, fertilization
positively effects the post-planting development of the
seedlings. For example, it increases their cold and drought
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tolerances (Fisher and Mexal, 1984; Sharma and Singh,
2011).

The main aim of the study is to identify the effects of
growing density and fertilization on some morphological
seedling quality attributes for Crimean Juniper (Juniperus
excelsa Bieb.).

2. Material and methods

Bare root Crimean Juniper seedlings (1+0) originating
from the seeds, which were collected in Isparta/Camdag
locality and grown in Egirdir Forest Nursery under open
field conditions, were used in this study. Four different
growing densities and three different fertilizer dosages, in
total 12 combinations, were applied with three replications
in completely randomized design. As a control, a growing
density of 600 seedlings per square meter were used. These
seedlings were thinned to various density levels (150, 250,
350 seedlings per square meter) at the end of May. During
the thinning process, we ensured that the remaining
seedlings were distributed homogeneously (Cicek et al.,
2010; Gond et al., 2013).

As the total nitrogen concentration was low (0.1 %) and
pH was high (7.8) in the soil analyses which were
performed in the studied nursery, ammonium sulphate
[(NH,),SO,] fertilizer containing 21 % nitrogen, was used in
the fertilization test. The fertilizer, diluted in equal amounts
of water, was applied to the seedbeds at the end of June and
irrigation was performed following the fertilization. In the
fertilization test, two different dosages (10 and 20 g N per
square meter) were applied in addition to the control (0 g N
per square meter). Measurements were performed on a
sample of 30 seedlings in each repetition for every
treatment, in total 1080 seedlings, at the end of October.
Morphological attributes such as the seedling height (cm),
root collar diameter (mm), number of sub branches (pieces),
the longest lateral root length (cm) and shoot: root ratio (g)
of the seedlings were all measured.

The obtained data was analysed by the SPSS 10.0
software. We examined whether the data for the measured
parameters show normal distribution before the analyses,
and the outliers were removed accordingly (Kalipsiz, 1981;
Yildiz and Bircan, 1991; 1994). Furthermore, square root

transformation was applied for the number of sub branches,
which were obtained by counting. The statistical model used
in the variance analyses (ANOVA) performed for the data
evaluation is given below.

Yiikm= p + R+ Dj + F+ RiD; + RiFy + DiFy + RiDjFy + ey

Where Yijm is the measurement on the m™ seedling of
the k™ dose of fertilizer from the j"" seedling density in the i"”
replication; m is the overall mean; R; is the effect of it
replication (i = 1, 2, 3); D; is the effect of j" seedling density
(j = 150, 250, 350 and Control); F, is the effect of K"
fertilizer dose (0, 10 ,20); RD; is the interaction effect
between i replication and j" seedling density; RiFy is the
interaction between i™ replication and k™ fertilizer dose;
D is the interaction between j" seedling density k"
fertilizer dose; RDjF¢ is the interaction between i
replication, and j™ seedling density and k™ fertilizer dose
and em(ijk) are the residuals.

3. Results

According to the results of the variance analysis, the
fertilizer dosage significantly acted on seedling height and
number of sub branches. The growing density increased root
collar diameter and shoot: root ratio considerably. The main
effects of the treatments did not have any effects on the
longest lateral root height while their combined effects were
statistically significant. The observed differences of
shoot:root ratio is dramatically worked on by the growing
density and fertilizer dosage and their interaction (Table 1;
Figure 1).

A height of 18.5 cm for the highest average seedling was
measured for the application of 20 g N per square meter,
while a height of 15.9 cm for the lowest average seedling
was measured in the control (Table 2). In addition, as
growing density increases, the need for fertilizer also goes
up (Figure 1). The highest average root collar diameter of
2.8 mm was obtained in the application represented by 150
seedlings per square meter while the lowest average
diameter of 2.1 mm was measured in the application
represented by 600 seedlings per square meter (Table 2).

Table 1. Results of variance analysis of the important morphological characteristics

Source of variation Degrees of Seedling Root collar Number of The longest Shoot:root
§ height diameter sub branches lateral root ratio
reedom ;
(mm) (pieces) length (cm) (9)

Seedling density 3 0.845 ns 0.000*** 0.052 ns 0.096 ns 0.003**
Fertilizer dose 2 0.006** 0.255ns 0.032* 0.131ns 0.266 ns
Replication 2 0.815 ns 0.453 ns 0.806 ns 0.248 ns 0.822 ns
Seedling density x Fertilizer dose 6 0.509 ns 0.228 ns 0.364 ns 0.125ns 0.313 ns
Seedling density x Replication 6 0.650 ns 0.345ns 0.227 ns 0.189 ns 0.741ns
Fertilizer dose x Replication 4 0.740 ns 0.545ns 0.803 ns 0.274 ns 0.005**
Seedling density x Replication x Fertilizer dose 12 0.000*** 0.001*** 0.000*** 0.027* 0.000***
The residuals 983

*: Significant at P < 0.05; **: significant at P < 0.01; ***: significant at P < 0.001; ns: insignificant
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Figure 1. Average values and standart deviations of seedlings morphological attributes at different growing densities and

fertilizer doses

Table 2. Results of duncan test of the important
morphological characteristics

r Average Average Average f Average
Dos_e§ 0 seedling root collar number o shoot:root
Fertilizer - . sub :
height diameter ratio
(9) (cm) (mm) branches ©
(pieces)
0 15.9° 2.6ns 16° 2.3ns
10 17.6° 2.5ns 17° 2.5ns
20 18.5° 2.5ns 18° 2.7ns
Seedling Densities (pieces)
150 17.3ns 2.8% 19 ns 2.7%
250 17.7ns 2.5 19ns 2.7%
350 17.3ns 2.3° 16 ns 2.4°
600 17.2ns 2.1° 15ns 2.3°

*The values expressed in the same letters (a,b,c,d) indicate
homogeneous groups; ns: insignificant

The highest average number of sub-branches (18) was
counted in the treatment with 20 g/m’ of nitrogen while the
lowest average number of sub- branches (15) was counted in
the control. Therefore, by applying of 20 g/m® of N, it is
possible to increase the number of sub-branches
approximately by 16 %. This positive effect is stronger with
the increase of growing density (Figure 1).

For the shoot: root ratio, the highest average value (2.7)
was measured at the growing density of 150-250 seedlings
per square meter while the lowest average value (2.3) was
measured at growing density of 600 seedlings per square
meter.
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4, Discussion and Conclusions

As already known, the main purpose of nursery
production is to plant as many seedlings as possible which
are healthy, qualified and convenient to be able to be
planted. In accordance with this purpose, firstly, the amount
of seed to be sown per unit area should be determined
according to tree species and habitat conditions. Since one
of the most important factors effecting the quality of the
seedlings to be used in reforestation efforts is the growing
density. As a result of the studies carried out in different tree
species, it is stated that as the growing density increases the
root collar diameter decreases and the root collar diameter
increases as the growing density decreases (Ozdemir, 1971;
Saatgioglu, 1976; Simsek, 1987; Mexal and Landis, 1990;
South, 2000; Rose and Ketchum, 2003). Therefore,
considering the economy of the business, especially in the
arid and semi-arid areas where the root collar diameter is an
important criterion of success, higher biological success will
be achieved (Yahyaoglu and Geng, 2000).

However, in addition to the growing density to be
applied to the seedlings in their seedbeds, fertilization is one
of the most important factors working on seedling quality.
Because, the nutrient deficiencies in the soil, which are
caused from consumption by millions of seedlings grown
every year, may only be alleviated by appliying some
amount of fertilizer. In this context, those seedlings grown
with the adequate fertilizer are found to be more successful
in the field (Tacenur and Efeoglu, 1979; Oner et al., 2010;
Oliet et al., 2011). As a result of this study, it is observed
that fertilization is the most important factor effecting
especially seedling height and number of sub branches.
Similarly, in the conducted studies, it is stated that the
seedling height is one of the best observation tool which
shows the potential of afforestation, and the tall seedlings
are more successful than the short ones in living covered
and sloping and humid areas (Ozdemir, 1971; Eyiiboglu,
1988).

Shoot:root ratio is the ratio of the dry weight of plant
system above the collar root to the dry weight of the root
system under the root collar (Ritchie, 1984; Ericsson, 1995;
Jiménez et al., 2005; Haase, 2008). According to some
research results, it is reported that the most effective criteria
on the seedlings survival ratio on the land is the shoot:root
ratio (Van den Driessche, 1991; Bernier et al., 1995;
Tsakaldimi et al., 2012). As a result of this study, it was
concluded that both growing density and fertilization have
positive effects in terms of this character.

With all these reasons, the effects of growing density
and fertilization were determined only on seedling
morphological characteristics. Because, morphological
characteristics are more preferable in classification of
seedling quality in terms of ease of application of today
(Mattsson, 1997; Semerci, 1997).

As a result of the assessment, the effect of growing
density per unit on seedling height is statistically
insignificant; however, the dose of applied fertilizer has
proved to be more effective than growing density. In the
meantime, when density levels and fertilizer doses were
compared in terms of root collar diameter of seedlings, the
observed differences in terms of quality emerged due to the
growing density. In other words, the growing density effects
root collar diameter more than the fertilization itself. The
obtained results are similar to the previously conducted

research results (Brissette et al., 1991; Simpson, 1991;
South, 1993; Jinks and Mason, 1998; Williams and Stewart,
2006).

Based on the results of this study, we can recommend
the growing density of 150-350 seedlings per square meter
for production of Crimean juniper seedlings targeted for
afforestation in arid and semi-arid areas, where root collar
diameter is an important attribute for success. Because, it
was observed that when the number of seedlings decreased
from 600 to 150 per square meter, a 32% of rise; a 19%
increase when the number of seedlings were 250, and a 10%
raise when the number of seedlings were 350.

Although the Crimean juniper is a tree species suitable
for the extreme conditions in arid and semi-arid areas,
application of at least 10 g nitrogen per square meter is
recommended for the seedlings targeted to be planted at
sites with dense competitive vegetation and adequate rain.
Because, while the seedlings, to which 20 g N were given
per square meter, grew longer 16% on average compared to
those to which no fertilizers were given, those to which 10 g
N were granted grew longer 11% on average. Therefore,
increasing the fertilizer dose from 10 grams to 20 grams
only results in an average increase of 5%. Based on this
reason, considering the economy of the business, it is
thought that 10 g N per square meter will be more
beneficial.
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