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Abstract

Aim of study: The aim of this study was to investigate the effects of sowing type and seedbed density
on the morphological characteristics of narrow-leaved ash (NLA) seedlings and to determine the
maximum number of seedlings of the desired quality (RCD > 8 mm, HS >70 c¢cm) in two nurseries.

Area of study: This work was carried out in Izmit and Hendek (Turkey) state nurseries.

Material and methods: NLA seeds were planted in nurseries using two sowing types (straight line and
square grid) and four different seedbed densities (SD: 30, 48, 99 seedlings m and control). After one
year of growth, height, diameter, number of roots, stem and root weights and stem-root ratio of the NLA
seedlings were measured.

Main results: The seedling height and number of fine roots were positively influenced by sowing type
in the Izmit seedlings, whereas sowing type did not affect seedling morphology in Hendek. The best
morphological characteristics were found at SD30 for the seedlings in both nurseries. Only 5% of the
Hendek seedlings were of desired quality, while 65% were so determined in the Izmit seedlings.

Highlights: As a result, the recommended planting of 1+0-year-old bare-rooted NLA seedlings to be
used in the regeneration of NLA forests would be at 30 m2 SD in the Izmit forest nursery.

Keywords: Seedbed Density, Sowing Type, Fraxinus angustifolia, Hendek, izmit

Farkh Fidanlhiklarda Ekim Sekli ve Yetistirme Siklhiginin Dar
Yaprakh Disbudak Fidanlarinin Morfolojik Ozelliklerine Etkisi

Oz

Calismanin amact: Bu ¢aligmanin amaci ekim seklinin ve yetistirme sikliginin Dar yaprakli disbudak
fidanlariin morfolojik 6zelliklerine etkileri yaninda, hangi fidanlikta geleneksel yontemlerle istenilen
kalitede (RCD>8 mm, HS>70 cm) en fazla sayida fidan iiretilebilecegi belirlemektir.

Calisma alani: Bu ¢alisma Izmit ve Hendek Orman isletme fidanliklarinda yapilda.

Materyal ve yontem: Fidanliklarda disbudak tohumlar: iki ekim tipinde (¢izgi ve kare ) ve dort farkli
yetistirme sikligida (SD: 30, 48, 99 genglik m™ ve kontrol) ekilmistir. Bir yillik biiyiime sonunda, boy,
cap, kok sayisi, govde ve kok agirliklart ve govde-kok orani 6lgiildi. Ayrica, fidanliklarin bazi toprak
ozellikleri analiz edilmistir.

Temel sonuglar: 1zmit fidanlariin boyu ve ince kok sayis1 ekim seklinden olumlu yénde etkilenirken,
ekim sekli Hendek fidanlarinin morfolojisini etkilememistir. Her iki fidanliktaki fidanlarin en yiiksek
morfolojik dzellikleri SD30'da bulunmustur. Hendekte yetistirilen fidanlarinin sadece % 5'i istenen
kalitede iken, bu oran izmit’te % 65 olarak tespit edilmistir.

Arastrma vurgulari; Cok yogun ve boylu diri Orti rekabeti olan disbudak sahalarinin
genglestirilmesinde kullanilacak 140 yash ve ¢iplak koklii disbudak fidanlarinin Izmit orman fidanliginda
30 adet m siklikta yetistirilmesi onerilebilir.

Anahtar kelimeler: Yetistirme Siklig1, Ekim Sekli, Fraxinus angustifolia, Hendek, izmit
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Introduction

As one of the important broadleaved tree
species in Turkey, the narrow-leaved ash
(NLA, Fraxinus angustifolia Vahl.) is
established in pure natural forests in the
bottomlands of the Black Sea and Marmara
regions. In addition, it is one of the rare tree
species distributed throughout all geographic
regions (0-2000 m) of Turkey (Yaltirik,
1978). The NLA forest areas in bottomlands
are considered to be marginal (high ground
water, wet and heavy clay soils, etc.) in terms
of plant growth due to environmental
conditions (poor drainage, heavy clayey soil,
etc.) (Cicek, E., 2004; Pliura, 1999).
However, in Turkey, where poplar and alder
are also found, the NLA is the fastest
growing species in natural and artificial
stands, with an overall average increment of
approximately 13 and 23 m® hal,
respectively (Kapucu et al., 1999). The yield
may be higher if trees are cultivated at more
suitable sites with the use of improved
planting material and intensive silvicultural
precautions  (especially irrigation and
fertilization) (Cicek et al., 2007a).

Because of their valuable wood, NLA
forests have been severely damaged for
centuries. Stand structures have been
degraded, and the fertile natural forests have
been reduced to the point of disappearing.
New plantations are being established in the
degraded NLA areas. However, it is stated
that these NLA plantations are low in quality,
largely due to the wide planting range and
the use of poor-quality seed and seedlings (
Cigek, 2004; Cigek & Yilmaz, 2002).

The NLA stands on the bottomlands in
Turkey have been regenerated via planting
for nearly 50 years. However, the seedlings
used in the plantations, especially those
planted over the last decade, do not possess
the desired characteristics since they were
grown at very dense seedbed levels (150-250
m) in the nursery. Because seedlings of low
quality and height (<40 cm) are used in
traditional plantings in NLA areas, a
significant amount of seedlings can be lost
(at least 25-30%) in the subsequent planting
years (Cicek et al., 2007).

The cultivated environments are densely
overgrown with high weeds, and together
with the beginning of planting, the vegetation
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cover can reach 1.5-2 m in two months
(Cicek et al., 2007b). The small and low-
quality seedlings used in traditional practice
increase post-planting costs for
complementary treatments and weed control
(Cicek et al., 2007a). Seedling quality in the
plantations provides important gains in
volume as well as in the quality of the stand
to be established (Agnihotri et al.,1989;
South et al.,2001).

First-class NLA tree seedlings should
have a minimum diameter of 7 mm and
height of 40 cm in accordance with the
Turkish Standards Institution (TSE, 1988).
However, since the NLA fields where
seedlings will be planted are subject to
intensive weed competition, it has been
stated that TSE standards are insufficient for
these areas and that the root collar diameter
(RCD) of the NLA seedlings should be at
least 8 mm and height of seedlings (HS)
more than 70 cm (Cigek et al., 2010; Cicek et
al., 2007; Cigek et al., 2006). As 1 + 0-year-
old NLA seedlings can reach 12 mm in
diameter and 80 cm in height (Cicek et al.,
2007) and even 24 mm in diameter and 200
cm in height (Bobinac et al., 2010), they are
often preferred in the re-establishment of
plantations in Turkey.

In Turkey, straight-line sowing is the type
most often used in forest nurseries (Gezer &
Yiicedag, 2013). Maintenance costs are less
in straight-line sowing, but growth can be
lower because with the competition,
seedlings grow more compact (Urgeng,
1992). Therefore, in order to allot equal
growth area in the lines, a square-grid sowing
type can be applied.

There are several studies on the effect of
seedbed density on the morphological
characteristics of NLA seedlings (Bobinac et
al.,, 2010; Cicek et al., 2007; Kennedy Jr,
1988). Cicek et al., (2007) reported that
seedbed density was effective on the
morphological features of 1+0-year-old NLA
seedlings in a Forest Nursery in Diizce.
Almost half of the NLA stands in Turkey
(3500 ha) are distributed in the bottomlands
in Sakarya Province (OGM, 2015). The
seedlings used for planting in these areas are
generally obtained from the Izmit and
Hendek forest nurseries. However, the
seedbed density and /nursery site conditions
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of NLA seedlings (Bobinac et al., 2010).

Due to the marginal growth environment
of NLA plantation areas and the vigorous
weed competition, it was not known in which
of these nurseries the traditional production
of tall, high-quality seedlings could be
achieved. In this context, it is important that
1+0-year-old NLA seedlings of at least 70
c¢cm HS and 8 mm RCD can be produced in
the nursery. In addition, it is known that
morphological characteristics such as RCD
and HS are positively related to the survival
rate and growth performance of the seedlings
(Dey & Parker, 1997; Howell & Harrington,
1998; Jacobs et al., 2006; Ponder, 2000)

The aim of this study was to investigate
the effects of two types of sowing techniques
and four seedbed density (SD) rates on the
morphological  characteristics of NLA
seedlings in the Izmit and Hendek forest
nurseries, and to determine the maximum
number of seedlings of the desired quality
(RCD > 8 mm, HS >70 cm) that can be
achieved in these nurseries.

Material and Methods
Nursery Sites

This study was carried out in the Izmit
and Hendek forest nurseries. The Izmit forest
nursery (29° 54 'E, 40° 46' N, 10 m) site
consists of a bottomland area and young
alluvial  soils. The annual average
temperature over many years has been 14.8
°C and for the study period in 2014 it was
16.6 °C. The highest average monthly
temperature observed was 29.6 °C in August
and the lowest 3.30 °C in January. The
average annual precipitation is 803 mm with
a minimum rainfall of 37.6 mm in July
(MGM, 2015).

The Hendek forest nursery (30° 40 'E, 40°
46' N, 63 m) is located on a gently sloping
area. Over many years, the average annual
temperature has been 14.7 °C and in the
project year of 2014 it was 16.4 °C. The
highest average monthly temperature was
29.6 °C in July and August, and the lowest
was 3.0 °C in February. The average annual
rainfall over the years has been 835.3 mm,
with the lowest average rainfall of 42.3 mm
in the month of August (MGM, 2015).
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Operations

In both forest nurseries, the experiments
were set up in randomized blocks, using the
split-plot design with three replicates (Table
1). Each block in the nursery had one
seedbed that was oriented in the east-west
direction with a standard width of 1.2 m. The
main plot treatment was sowing type (ST, 2
levels) and the sub-plot treatment was
seedbed density (SD, 4 levels) in each of the
blocks. There were 6 plots designated as 8 m?
and 24 sub-plots as 1 m?, excluding isolation
areas. The sowing spaces for seeds were 10 X
10 cm, 14 x 14 cm, and 20 X 20 cm in the
square-grid sowing type. In the straight-line
planting, the five-straight-line method (5-
row) traditionally used for growing seedlings
of broadleaved tree species was applied. For
both planting methods, the SD was allotted
as 99, 48 and 30 seedlings per square meter,
while the control had more than 120
seedlings m2. The study of Cicek et al.,
(2007) & Kennedy Jr (1988) were used in the
determination of these four different seedbed
densities. Weed control was carried out twice
in the study plots (in May and July).
Irrigation was applied in each nursery
program to ensure that the seedlings did not
experience water stress.

The seeds used in the study were
collected in autumn of 2013 from individual
NLA trees growing in the Izmit region. After
two months (January - March) of cold-wet
stratification, the seeds were planted in the
second half of March 2014.

Table 1. Experimental design of study (SD:

Seedbed density, ST: Sowing type, C:
Control)
BLOCK1 BLOCK2 BLOCK 3
SD30 SD99 SD48
— C ~  SD30 — C
©“ SD @®» C »  SD30
SD99 SD48 SD99
SD99 SD99 C
o SD48 — SD48 «  SD30
®“ C ©» SD30 » SD48
SD30 C SD99
Method

To determine soil properties of the
nurseries, three soil profiles were excavated
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in both nurseries and soil samples were taken
from a depth level of 0-30 cm. The soil
samples were sent to the Eskisehir Soil
Laboratory and their texture, CaCQOs, active
lime, electrical conductivity, pH, organic
matter, N, P, K, field capacity, wilting point,
water availability and cation exchange
capacity were analyzed.

After one growing season, the RCD of all
the seedlings in the experiment was
measured at a height of about 2.5 cm from
the ground using digital calipers, and their
HS was measured in meters with cm
accuracy.

A total of 240 seedlings (10 seedlings
from each trial unit) were hand-lifted from
nursery plots and transported to the
laboratory where their roots were washed
with water. After air-drying, their number of
fine roots (NFR), consisting of roots more
than 2 mm in diameter and longer than 5 cm,
and the amount of thick roots (ATR),
referring to those 2 mm in diameter and 5 cm
long, were determined. The seedlings were
then cut from the root collar and oven-dried
at 65 °C for 48 h. Their oven-dry weights
were measured on a 0.01 precision scale to
determine the dry root weight (DRW) and
dry stem weight (DSW) and the root/stem
ratio (RSR) was calculated.

Statistical Analysis

The soil properties of the nurseries were
compared using the independent samples t-
test, while the morphological characteristics
of the seedlings were evaluated separately in
each nursery. Two-way analysis of variance
(ANOVA) was applied to determine the
effect of sowing type and seedbed density on
the morphological characteristics of the NLA
seedlings (P <0.05). Duncan's new multiple
range test was used to differentiate the
significance of the means. Prior to the
Duncan test, the root number and root/stem
ratio values had been transformed into square
roots. A standard statistical software package
(SPSS v.22, IBM) was used for data analysis.
Before conducting the analyses, it was
confirmed that the data were all normalized
and the variances were homogeneous.
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Results
Hendek Nursery

Sowing type had no effect on the
measured morphological characteristics of
the NLA seedlings in the Hendek nursery (P
>0.05; Table 2). However, the effect of the
seedbed density on RCD, HS, ATR, DRW
and DSW was statistically significant (P
<0.05), while the effect on NFR and RSR
was not significant (P >0.05; Table 2). In
addition, the effect of sowing type x seedbed

density interaction on  morphological
characteristics was also found to be
insignificant.

High morphological values were found in
the NLA seedlings of the Hendek nursery
grown at the lowest seedbed density (SD30).
The mean RCD and HS at SD30 were 77%
and 69% greater than in the control,
respectively (P <0.05; Table 2). The RCD of
seedlings at SD48, SD99 and the control
were similar. The HS of seedling at SD48
and SD99 were similar and 35% higher than
in the control.

The NFR (<2 mm) was similar in all
treatments, and was 15.5 on average.
However, the ATR (>2 mm) was the highest
in the SD30 seedlings and 3.6 times more
than in the control. Similarly, the highest
DRW and DSW were found at SD30, and
were 2.7 and 2.4 times greater, respectively,
than in the control. The RSR was found to be
1.01 for all treatments (Table 2).

Izmit Nursery

Although the effects of sowing type on
the HS and NFR of seedlings in Izmit were
significant, the effect on other morphological
characteristics was insignificant (P >0.05;
Table 3). In the square-grid type, the HS was
9% shorter compared to the straight-line
method, but the NFR was 26% higher.
Furthermore, the effect of seedbed density on
morphological characteristics, except on
NFR, was significant (P <0.05). The effect
on morphological characteristics of the
interaction of sowing type x seedbed density
was also found to be insignificant (P >0.05).

As in the Hendek nursery, high
morphological values were found at the
lowest seedbed density (SD30) in the Izmit
nursery. The RCD and HS of SD48, SD99
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and the control were similar and 57% lower
than for SD30 (P <0.05, Table 3).

The NFR (<2 mm) of the seedlings in all
treatments was similar, with an average value
of 22. The ATR, DRW and DSW for SD30
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were 2.7, 2.1 and 2.8 times higher than the
average of the highest and the other seedbed
density values, respectively. The RSR value
for the other SD rates were similar, but were
33% higher than for SD30 (Table 3).
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Table 2. The effect of sowing type and seedbed density on morphological characteristics of one-year-old NLA seedlings in Hendek nursery (RCD: Root
collar diameter, HS: Height of seedlings, NFR: Number of fine roots, ATR: Amount of thick roots, DRW: Dry root weight, DSW: Dry stem weight and,

RSR: Root/ stem ratio)

Variables RCD HS NFR ATR DRW DSW RSR
(mm) (cm) (number) (number) (9) (9)
Sowing type
Straight line 5.8(1.3)a 39.1(12.9) a 146 (4.2)a 21(1l4)a 4.8 (2.8)a 4.4 (25)a 1.110(0.19) a
Square grid 57(14)a 38.8(9.7) a 16.5(4.5) a 19(1.4)a 42(19a 4.0(2.0)a 1.075 (0.20) a
Mean 5.7 (1.3 39.0 (11.2) 15.5 (4.4) 2.0 (1.4) 4.5 (2.4) 4.2 (2.2) 1.092 (0.19)
Seedbed density (seedlings m?)

30 7.3(0.9)a 472 (114) a 175(5.7)a 32(l5a 6.9 (3.0)a 6.4(2.1)a 1.070 (0.24) a
48 57(0.9b 36.9(8.2) ab 155(3.77a 19(1.2)ab 43(Ll)ab 3.7(L6)b 1.200 (0.20) a
99 56(1.1)b 423(124)ab 154(45)a 20(09ab 43(L.7)ab 4.2(22)ab 1.077(0.15)a
Control 4.4 (0.5)b 29.4(4.1)b 13.7(3.4) a 0.9(0.8) b 2.6 (0.8) b 2.6 (1.0)b 1.024 (0.17) a

The parentheses indicate the standard deviation. The averages indicated by the same letter in the column are statistically insignificant (P <0.05).

AInoe4 A1Sal104 JO [eulnor “*Alun nuowesey

G8-v/ :(2)0z '020g ‘1s1618Q 1sANME UBWIQ “"1UN NUOWEISE

‘213 UepI4
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Table 3. The effect of sowing type and seedbed density on morphological characteristics of one-year-old NLA seedlings in Izmit nursery (RCD: Root
collar diameter, HS: Height of seedlings, NFR: Number of fine roots, ATR: Amount of thick roots, DRW: Dry root weight, DSW: Dry stem weight and,
RSR: Root/stem ratio)

RCD HS NFR ATR DRW DSW RSR

Variables (mm) (cm) (number) (number) (9) (@)

Sowing type
Straight line 8.8(2.2)a 88.1(23.1) a 19.5(4.6) b 15(11)a 115(.2)a 16.8(109)a 0.775(0.18)a
Square grid 8.6(24)a 80.5(25.1) b 245 (5.4) a 16(1.2)a 11.6(6.3)a 18.0(13.5)a 0.796 (0.27) a

Mean 8.7 (2.3) 84.3 (23.9) 22.0 (5.5) 1.6 (1.2) 11.6 (5.6) 17.4 (12) 0.785 (0.22)
Seedbed density (seedlings m?)
30 12.0(0.9)a 115.9(14.6)a 22.4(5.4)a 3.0(0.7)a 18.9(2.3)a 335(6.4)a 0575(0.11)b
48 85(1.3)b 82.6 (14.5) b 235(5.8) a 1.4(0.6) b 11.4(4.6) b 158(9.5)b  0.799 (0.18) a
99 7.3(11)b 728 (14.5) b 20.3(3.1) a 1.2(1.0)b 89(4.3)b 12.1(86)b  0.878(0.31)a
Control 7.1(1.2)b 65.9 (14.7) b 21.7(7.8) a 0.7(0.6) b 7.1(1.9)b 82((29)b 0.889 (0.11) a

The parentheses indicate the standard deviation. The averages indicated by the same letter in the column are statistically insignificant (P <0.05)

AInoe4 A1Sal104 JO [eulnor “*Alun nuowesey

G8-v/ :(2)0z '020g ‘1s1618Q 1sANME UBWIQ “"1UN NUOWEISE

‘e 30 Uepi4
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Soil Properties of Nurseries

Although there was a statistical difference
in the sand, clay and silt content, and also
cation exchange capacity of the izmit and
Hendek nursery soils, no statistical difference
was found in terms of other measured soil
characteristics (Table 4). Compared to the
Hendek nursery, the sand ratio and cation

exchange capacity of the soil of the Izmit
nursery were 30% and 76% higher; however,
the clay and silt content of the Izmit nursery
soil was lower, respectively (P <0.05). In
addition, the soil of both nurseries was
slightly alkaline with minimal lime and the
low

organic matter

(1.36%).

content was very

Table 4. Some top-soil (0-30 cm) properties of Izmit and Hendek forest nurseries

Top soil properties Izmit Hendek
Sand (%) 44.74 (0.02) a 34.48 (1.16) b
Clay (%) 21.15(1.18) b 27.70 (1.19) a
Silt (%) 34.11(1.32) b 37.83 (1.15) a
CaCOs (%) 1.48 (0.09) a 2.53(1.68) a
Active lime (%) 0.12 (0.03) a 0.10(0.01) a
EC (mS cm?) 0.11(0.01) a 0.23(0.18) a
pH 7.87 (0.07) a 7.91(0.19) a
Organic matter (%) 1.35(0.19) a 1.37(0.11) a
N (%) 0.11 (0.02) a 0.10 (0.01) a
P20s (ppm) 71.45 (13.06) a 50.02 (9.80) a
K (ppm) 309.34 (99.68) a 201.67 (79.10) a
Field capacity (%) 19.47 (0.61) a 19.48 (0.27) a
Wilting point (%) 8.67 (0.27) a 8.22 (0.59) a
Available water content (%) 10.81 (0.35) a 11.27 (0.35) a
Cation exchange capacity (meq/100 g)) 24.15(0.32) a 13.73 (0.60) b

The parentheses indicate the standard deviation. The averages indicated by different letters in the line are statistically

significant (P <0.05).

Discussion

Sowing type had no effect on the
morphological  characteristics of  the
seedlings in the Hendek nursery, while it
affected the HS and NFR of the seedlings in
the Izmit nursery. In the Izmit nursery, the
seedlings of the straight-line sowing type had
the same RCD as the ones of the square grid,
although they were taller. Williams &
Stewart (2006) stated that the general
morphological characteristics (such as HS,
RCD and NFR) of Pinus taeda seedlings did
not change according to the sowing type. The
aim of square-grid sowing is to provide equal
growth area for the seedlings and to obtain
better quality seedlings with only a small
number discarded (Barnett, 1989). However,
it was ascertained that the seedlings in the
straight-line cultivation were not short
enough to affect the quality of the NFR. The
straight-line sowing type is more desirable in
nursery practice for mechanical maintenance.

80

The RCD and HS of seedlings increased
as the seedbed density decreased in both
nurseries. The highest RCD and HS values
were obtained with the lowest seedbed
density (SD30). Similar results have been
found with NLA in Duzce (Turkey) (Cicek et
al., 2007; Cigek et al., 2011) and the Serbia
Forest Nursery (Bobinac et al., 2010), and
with Fraxinus pennsylvanica in the USA
(Kennedy Jr, 1988). However, this finding
may vary according to nursery conditions
and seedling species. Alnus barbata
seedlings and Quercus alba seedlings are not
affected by high seedbed density (Eyuboglu,
1975; Wichman & Coggeshall, 1983). In
both nurseries, ATR, DRW and DSW
increased due to decreasing seedbed density.
Cicek et al., (2007), in their study of the
same species, found similar results in the
Diizce nursery. In addition, in eastern white
pine, root length and DRW increased with
decreasing seedbed density (Mullin &
Bowdery, 1977). Mullin & Bowdery (1978)
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also reported that heavier seedlings of Pinus
resinosa were obtained by decreasing
seedbed density. The greater morphological
development of NLA seedlings due to
reduced seedbed density can be explained by

the increased light, water and nutrient
utilization resulting  from reduced
competition.

The RSR was not affected by the seedbed
density in Hendek, whereas it was the lowest
in the SD30 in Izmit. After root pruning, 1:1
RSR is generally accepted as the standard for
seedling quality (Kennedy Jr, 1988).
Although the seedlings in Hendek seemed to
be more standard because they were close to
1, because the roots were short, small
amounts of the roots were cut during root
pruning. On the other hand, the soail
properties of the Izmit nursery were better
than in Hendek, and this enabled production
of higher root biomass. If the measurement

had been done before the root pruning, the
RSR of the Izmit seedlings would have been
closer to 1. Cicek et al., (2007) reported that
the RSR of seedlings in the Diizce nursery
were between 1.3 and 1.7 before the root
pruning. In another study, the effect of
seedbed density on RSR was found to be
insignificant (Kennedy Jr, 1988).

Regardless of the seedbed density, the
percentage of seedling in Hendek having the
desired quality (>0.8 cm RCD and 70 cm
HS) was 2.3%, while this amount was 31%
in Izmit. According to SD30, it can be said
that seedlings obtained from Izmit had higher
morphological characteristics (Figure 1). The
rate of obtaining quality seedlings with the
best morphological characteristics at SD30
was 13 times higher in the izmit nursery than
in Hendek (Figure 2). Moreover, no
seedlings of the desired quality were
obtained in the control plots in Hendek.

140 -

120 -

100

80

60

40

20

HS

Morphological characteristics

m Hendek-SD30
= [zmit-SD30

ATR

Figure 1. Comparison of morphological characteristics of seedlings in Hendek and izmit
nurseries. (RCD: Root collar diameter, HS: Height of seedlings, NFR: Number of fine roots,
ATR: Amount of thick roots, DRW: Dry root weight, DSW: Dry stem weight and RSR:

Root/stem ratio)
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Figure 2. Percentage of desired quality seedling (> 0.8 cm RCD and 70 cm HS) production
according to the seedbed density in Hendek and Izmit nurseries

Although the seeds, sowing time and the
maintenance procedures used were the same,
these differences in the nurseries may have
caused the differences in the growing
environment. Bobinac et al., (2010) stated
that nursery site conditions may be more
effective on NLA seedlings than seedbed
density.  The climatic  characteristics
(temperature and rainfall) of the nurseries are
very close and regular irrigation is carried
out according to the need of the seedlings so
that they are not subjected to water stress.
Accordingly, the growth difference between
the nursery seedlings may have been due to
differences in the nursery soils. Physical and
chemical properties of the soil have a
significant effect on seedling growth
(Urgeng, 1992; van den Driessche, 1984).
Alameda & Villar (2012) stated that NLA
seedlings are affected by the physical
properties rather than the chemical properties
of the soil. Compared to the Izmit nursery,
the Hendek nursery soil has high clay and
low silt and sand content. For the growing of
broadleaved species, it is recommended that
the silt and clay content of nursery soil not
exceed 35% (Urgeng, 1992). According to
this, the Izmit nursery is more suitable for
broadleaved species -cultivation than the
Hendek nursery (Table 3). A high clay/silt
ratio (<35%) of the soil can decrease soil
permeability and aeration, and delay the
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heating up of the soil and development of
ideal soil tillage conditions. In addition, it
can cause breakage of seedling roots as a
result of swelling and loss of water in the
clay-textured soil (Kantarci, 2000). Soils
with high clay content are more susceptible
to compaction. Soil compaction negatively
affects root growth and the fine root ratio of
NLA seedlings (Alameda & Villar, 2012).
The high sand content of the soil in the Izmit
nursery eases seedling root propagation and
results in less damage to the roots during the
hand-lifting of the seedlings. The field
capacity, wilting point and available water
content of both nursery soils are sufficient
for growing NLA seedlings.

Although the soil CaCOs is statistically
similar in both nurseries, izmit nursery soil
has less lime, and while Hendek nursery soil
has a moderate amount of lime, it is suitable
for growing broadleaved seedlings according
to the lime classification of Cepel (1995).
The soil of both nurseries is classed as very
low-saline soil (EC). It is recommended that
for growing broadleaved seedlings, the pH of
forest nursery soils should be in the range of
5.8-6.5 (Urgeng, 1992) or 6-7 (van den
Driessche, 1984). The pH value of both
nurseries was high for growing broadleaved
seedlings; however, Cicek et al., (2010)
states that NLA can tolerate a pH as high as
7.8. In addition, the pH has an important
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effect on the uptake of macro-nutrients,
including N, P and K, which play an
important role in plant development. The N
mineral content in fertile soil in Turkey is
reported to vary between 0.02% and 0.5%
(Kacar, 2016). Accordingly, the amount of N
of both nursery soils may be sufficient for
plant growth. Cicek et al., (2010) conducted
a study using different doses of NPK
fertilization on 1+0-year-old NLA seedlings
in a site having 0.05% N, 75 ppm P and
3715 ppm K in the soil. They stated that
only N fertilization increased the seedling
growth, whereas P and K fertilization had no
significant effect, as there was sufficient P
and K in the soil. Since the P and K nutrients
in the soil of both nurseries in our study were
quite close to those found by Cicek et al.,
(2010), it can be concluded that the P and K
content of the both nursery soils may be
sufficient for NLA growth. Although there
was no statistical difference between the
nurseries, the N, P and K content of the Izmit
nursery soil was slightly higher than that of
Hendek.

In addition, the cation exchange capacity
(CEC) of soil has a significant effect on the
uptake of nutrients from the soil to plants.
High CEC is important in soil fertility
because cations are not leached into the soil
and are used in plant growth (Duryea &
Landis, 1984). The CEC of the izmit nursery
soil was 76% higher than that of the Hendek
nursery. The CEC of the soil depends on the
amount and type of soil colloids. Indeed,
Kantarci (2000) states that the high clay
content of the soil does not mean that the
CEC will be high. The type of clay minerals,
the amount of organic matter, the state of
organic matter (humus types, etc.) and the
amount of colloid oxides in the soil may
affect the CEC. Tolay (1994) stated that in
nurseries, topsoil at a depth of 0-25 cm
should contain at least 2.0% organic matter
in sandy soils and at least 3% organic matter
in clay soils. Moreover, Duryea & Landis
(1984) noted that the topsoil in a nursery
should contain at least 5% organic matter.
The clay content of the soil in the Hendek
nursery was higher than that of the izmit
nursery, and the amount of organic matter
was low (1.35-1.36 %) in both nurseries
(Table 4).
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Conclusion

Acrtificial regeneration and afforestation
has been carried out in the Sakarya region,
one of Turkey's major NLA forest areas. The
1+0-year-old NLA seedlings used for the
planting are generally supplied from the
Hendek and Izmit nurseries, which are
closest to the NLA forest areas where there is
dense weed competition. The results of the
study showed that, because the soil
properties (especially the physical properties)
of the Izmit nursery were more suitable for
growing NLA seedlings than those of the
Hendek  nursery, for the  desired
morphological characteristics, NLA
seedlings aged 1+0 years should be grown in
the Izmit nursery. In the Hendek nursery, it is
not possible to produce seedlings with the
desired morphological characteristics at the
age of 1+0 using the traditional seedbed
density. In order to produce seedlings with
the desired morphological characteristics,
they need to be older, but this will increase
the production cost. Since 1+0 seedlings
grown at the traditional seedbed density are
smaller in size, this may lead to an increase
in  maintenance costs after planting.
Therefore, it is recommended to use SD 30
seedbed density in the Izmit nursery for high-
guality NLA seedlings. Intensive nursery
studies of different growing and fertilization
methods can be carried out to increase the
number of seedlings of the desired height and
quality.

Furthermore, some morphological
properties of NLA seedlings were examined
in this study, but genetic and physiological
seedling quality parameters were not
included. Comprehensive studies including
these parameters can be carried out, as well
as studies for enhancing the growth
performance of seedlings in the field after
planting.
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